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ABSTRACT
A number of plant pathogenic bacteria has been shown 
to be highly sensitive to SB-37, a derivative of cecropin 
B (one of the three cecropins from the giant silk moth 
Hyalophora cecropia). The lytic activity exhibited by SB- 
37 has been shown to increase up to twenty-fold in the 
presence of chicken egg white lysozyme. The cDNAs genes 
encoding SB-37, attacin E (another component of the 
humoral response of Hyalophora cecropia), and chicken 
lysozyme have been introduced into tobacco (var Xanthi) 
and potato (a new cultivar 86007) plants by Agrobacterium- 
mediated transformation using co-integrate and binary 
vectors. The genes were placed under the control of 
different promotors: CaMV35S, Double-CaMV35S and the
proteinase inhibitor II promoter from potato. The 
transformation of at least five independent lines for each 
construct has been confirmed by Southern blot and 
segregation analysis. Protein analysis demonstrated that 
the chicken egg white lysozyme was expressed in tobacco 
plants. Western analysis of Attacin E-transformed plants, 
failed to show expression of the gene at the protein
x i i i
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level. Protein blot analysis of SB-37 transgenic lines 
gave unconclusive results indicating at least very low 
level of expression. When these plants were inoculated with 
P. solanacearum, at least two independent lines, showed 
symptoms earlier than control plants indicating some 
biological effect. The significance of this result is 
discussed in detail. Also, the characterization of 
different de novo designed peptides is described.
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INTRODUCTION
It has been said that plant disease is the exception 
rather than the rule (Lamb et al., 1989) . In effect, only 
the interaction between a virulent race and a susceptible 
cultivar leads to disease. Despite this delicate interplay 
between host and pathogen, plant disease is one of the 
leading causes of crop loss in the world. Its economic 
impact can be significant especially in developing 
countries where up to one third of the losses can be 
directly attributed to plant disease (Sawyer, 1984). 
Cultivation of just a few plant species in a local area 
exacerbates the spread of disease.
Plants under microbial attack elaborate several 
inducible potential defense responses of both a structural 
and biochemical nature. Among them are the synthesis of 
hydrolytic enzymes, such as chitinase and li-glucanase, and 
proteinase inhibitors; the modification of the plant cell 
wall by lignification and accumulation of callose, a fl-1,3 
glucan, and hydroxyproline-rich glycoproteins (HGRPs); and 
the synthesis of phytoalexins, low molecular weight
1
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compounds with antimicrobial activity (Collinge and 
Slusarenko, 1987).
Recent advances in genetic engineering have made it 
possible to develop plants with new predictable 
phenotypes. The expression of the Tobacco Mosaic Virus 
coat protein in transgenic plants was shown to cause delay 
in the development of symptoms upon infection by the virus 
in concordance with the idea of cross-protection (Powell 
et al., 1986). Also, expression of an insecticidal 
protein, the BT protein from Bacillus thuringiensis, has 
rendered plants resistant to insect attack (Vaeck et al., 
1987) . Therefore, appropriate small modifications in the 
biochemistry of the plant may significantly augment the 
resistance of the plant to the action of a pathogen. 
Jaynes et al., (1987) and even more recently, Casteels et 
al., (1989) have proposed the idea of using the genes, 
found in insects, encoding for proteins with antimicrobial 
activity, to enhance bacterial disease resistance in 
plants. The results presented in this dissertation are 
intended to address practical problems encountered when H. 
cecropia antibacterial genes were transduced into tobacco 
and potato genomes.
Lytic peptides are small molecules that appear to be
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3major components of the antimicrobial defense systems of a 
number of animal species including insects, molluscs, 
amphibians, and at least one mammal (Lee et al., 1989).
They represent a fundamental strategy to combat 
microbial-caused diseases. Their presence in other higher 
organisms is under intensive investigation and it has been 
proposed that they will be found in all mammals, including
humans (Lee et a l ., 1989) . Defensins, a family of small
molecular weight antimicrobial peptides found in mammals, 
are a separate kind of lytic peptide, because their action 
seems to be intracellularly localized following 
phagocytosis (Selsted et al., 1985). All defensins contain 
29-34 amino acid residues, have three intramolecular 
disulfide bonds, and are quite basic. They seem to act on 
a wide variety of bacteria but usually better on gram- 
positive than on gram-negative bacteria.
On the other hand, magainins and cecropins constitute 
bona fide lytic peptides however pretty distinct of each 
other. Magainins are only 23 residues, devoid of cysteine, 
and form an amphipathic alpha helix. They act on both gram- 
positive and gram-negative bacteria, fungi, and protozoa 
(Bevins and Zasloff, 1990) . Cecropins are 31-39 residues,
are devoid of cysteine, and have a strongly basic N-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
terminal region and a long hydrophobic stretch in the 
carboxy-terminal half. The structure of cecropins deduced 
from nuclear magnetic resonance studies is two helices 
joined by a hinge region containing Gly-Pro (Boman, 1991).
The goal of this work was the introduction of the 
antibacterial genes from H. cecropia into transgenic 
(tobacco and/or potato) plants and the evaluation of their 
expression. The results have been published, were 
presented at meetings or submitted for publication. Each 
chapter contains an introduction, a description of the 
methodology, a results section and a discussion of the 
obtained, positive and negative, results.
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CHAPTER ONE
CHARACTERIZATION OF SOME DE NOVO DESIGNED 
LYTIC PEPTIDES 
INTRODUCTION
Surface-active peptides, i.e. peptides that bind to 
and affect amphipathic surfaces such as membranes, 
receptors, etc., have been extensively studied in recent 
years (DeGrado et al., 1981; Kaiser and K6zdy, 1983). A 
common feature of many of these compounds is their 
characteristic helical amphipathic secondary structure, 
which is often induced by the respective target. An 
amphipathic helix is defined as an alpha-helix with 
opposing polar and nonpolar faces oriented along the long 
axis of the helix (Segrest et al., 1990).
Affinity of these peptides to the target surface is 
intensified in parallel to the increase in complementarity 
between the two counterparts (Kaiser and K6zdy, 1987) . 
Some of these peptides, like hormones, which put forth
5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
their biological activity through specific membrane-bound 
receptors demand meticulous conformation for manifestation 
of optimal function. The action of others, however, is far 
less dependent upon strict structural requirements. Among 
the latter family of compounds are cationic cytolytic 
peptides isolated from mammalian phagocytes, e.g. 
defensins (Selsted et al., 1985), insects, e.g. melittins 
(Habermann, 1972), cecropins (Steiner et al., 1981), 
sarcotoxins (Okada and Natori, 1985), and amphibians, e.g. 
magainins (Zasloff, 1987). The target of these 
surface-active peptides appears to be the cellular lipid 
bilayer membrane. They have been reported to act almost 
exclusively by virtue of their unique structural features, 
which allow them to associate with respective cells and 
thereby to modulate membrane potential, permeability and 
function (Okada and Natori, 1985; Kini and Evans, 1989; 
Bessalle et al., 1990). Mediation of these events through 
generation of voltage-dependent ion channels has also been 
proposed (Christensen et al., 1988).
Lately the design of peptides with predetermined 
structures and properties has met with some success (Chen 
et al., 1988; Jaynes et al., 1988; Jaynes et al., 1989;
Boman et al., 1989; Fink et al., 1989; Jaynes et al.,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7Cecropin Class
KUKUFKKIEKr iGRNIRNGIUKf lGPf i l f lU LGEf lK f lL
f lPRURLFRR I DRUGKQ I KQGILRRGPR I RLUGDRRRUG
Ff lKKLR KKLKKLR KKLRKLf lL f lLK f lL f lL IC f lL f lLK f lL f lL
Shiva-11 [311 ^  Shlvs-12 (3 8 )^Shlvs-10 [23] I
Melittin Class
<-------
Gl GRULKULTTGLPRLI SU IKRICRQQ
F f lLR KLRLf lKL f lL f lKL f lL f l L IC f lLKKf lLKKLKKf lLKKf lL
^H»cate-3 (3S|^Heeale-2 (31) t Hscats -1 (*£23]
Magainin Class
I i IqI I soI I  @||@| ||!qq |qq
FRKKLflKKLflKKUKLflKLRKKLflKKU^^
10000060600 ©00000M
Anubls-2 (2 3 )^ Anubls-3 [31 ] ^A m ib is -«  [38]^
Fig. 1.1.- Amino acid sequences of the natural and 
lytic peptides. Other members of each series are 
Amino acids are represented in the single-letter
C ecro p in  B (35]
Shiva-1  (381
S h iv a  S eries
M elittin  (26)
H eca te  S eries
M again in  2 (231
A n u b is  S eries
designed 
also shown, 
code.
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1991) . In this chapter the characterization of several de 
novo designed lytic peptides is summarized. Recently 
at least three distinct classes of lytic peptides have 
been proposed (Jaynes et al., manuscript in preparation) 
based on the arrangement of amphipathy and high positive 
charge density within the molecule: a) Cecropins (35-39 
amino acids) with the amino-terminal half amphipathic and 
the carboxy-terminal half mostly hydrophobic (van Hofsten 
et al., 1985); b) Magainins, 23 amino acids, amphipathic 
the full length of the molecule (Zasloff, 1987); and c)
Melittin (26 amino acids) with the carboxy-terminal half 
amphipathic and the amino-terminal half primarily 
hydrophobic (Haberman, 1972).
The above physical attributes appear to be absolute 
requirements for lytic activity. An additional criterion 
of length must also be met: the peptides must be at least 
20 residues long. This corresponds well to the minimum 
length necessary for an alpha-helix to span the cell 
membrane (Jaynes, unpublished observations, personal 
communication) All three analogs have almost the same 
amino acid composition but are arranged both in charge 
density as well as amphipathy in such a way that they 
structurally mimic their natural counterparts. Hecate-1 is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Cecropin B
HPLC
35.33 min
Shiva-11
HPLC
16 B min
Fig. 1.2.- HPLC and MS profiles of Cecropin B and Shiva 11 
prepared via chemical synthesis. Peptides were 
purified as described in Materials and Methods 
The profiles indicate a purity greater than 95% .
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1 0
the analog of Melittin; Anubis-2 is the analog of 
Magainin-2; and Shiva-11 corresponds to Cecropin B. As it 
will be shown, Anubis-2 has better activities than 
Magainin-2, but Cecropin B and Melittin still have better 
efficacy than their synthetic analogs. Also, a 
characterization of SB-37 will be presented to prove that 
the modifications do not seem to affect the antibacterial 
activity (see chapter two).
MATERIALS AND METHODS 
Chemicals
N-tert-Butoxy-carbonyl protected amino acids (N-t-Boc 
amino acids), N- (9-fluorenylmethoxycarbonyl) protected 
amino acids (N-Fmoc amino acids), p-methylbenzhydrylamine 
resin and a polysterene amide (PAL) resin were purchased 
from Milligen/Biosearch (San Rafael, CA) . Other reagents 
and solvents for solid-phase synthesis were of the highest 
available quality and were used without further 
purification (Fisher Biotech, Fair Lawn, NJ; Mallinckrodt, 
Paris, KY; Aldrich, Milwaukee, WI; Kali-Chemie, Greenwich, 
CT). Melittin was purchased from Sigma (St. Louis, MO) and 
Magainin-2 was obtained from Calbiochem (San Diego, CA).
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Hecate-1
HPLC MS
27.07 min 2537
1269
Anubis-2
HPLC MS
26.38 min
2608
Fig. 1.3.- HPLC and MS profiles of Hecate-1 and Anubis-2 
prepared via chemical synthesis. Peptides were 
purified as described in Materials and Methods 
The profiles indicate a purity greater than 95%
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Acrylamide, N,N'-Methylene-bis-Acrylamide, ammonium 
persulfate, N,N,N',N '-Tetramethylethylenediamine (TEMED), 
and Coomassie® Brilliant Blue R-250, reagents used for 
polyacrylamide gel electrophoresis, were from BioRad 
(Richmond, CA), Sephadex G-25, B-alanine, 5-sulfosalicylic 
acid, 1,1,1, 3,3,3-hexafluoro-2-propanol (HFP), and Methyl 
green were from Sigma. All other salts and organic 
solvents were of analytical grade.
Phytopathogxcal bacteria strains
The following bacterial strains were used in the 
antibacterial assays: Ecc-13 = Erwinia carotovora subsp. 
carotovora (Jones) Bergey e t . al., 1923 and Pst-3 = 
Pseudomonas syringae pv. tabaci (Wolf and Foster) Young, 
Dye and Wilkie 1978, were provided by R. S. Dickey, 
Cornell University; Psol-9 = Pseudomonas solanacearum 
(Smith) Smith 1914, was provided by E. Echandi, North 
Carolina State University; Cmm-4 = C l a v i b a c t e r  
mich i g a nens is subsp m i c h i g a n e n s i s  (Smith) Davis, 
Gillaspie, Vidaver and Harris 1984, was a gift of A. K. 
Vidaves, University of Nebraska; Ech-2 = E r w i n i a  
chrysanthemi Barkholder, McFadden and Dimock 1953 was 
obtained from J.W. Moyer, North Carolina State University; 
and Xcc-4 = Xanthomonas campestris pv. campestris (Pammel)
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1 3
Dowson 1939 was provided by L. L. Black, Louisiana State 
University. E. coli strain D31 (F-, trp, pro, his, strA, 
tsx, (ampAl+unknown) was a generous gift of B. Bachmann, 
Yale University.
Plant material
Lycopersicum peruvianurn cv Rutgers seeds were a 
generous gift of C. Clark, Louisiana State University. 
Ipomaea batatas cv Jewel storage roots were obtained from 
a local market. Pro-Mix™ soil, Jiffy™ pots, Temek™ 
insecticide and Miracle-Grow™ fertilizer were purchased 
from BWI, Inc. (Jackson, MI).
Peptide Synthesis
Cecropin B and its derivative SB-37 were synthesized 
following standard solid-phase t-Boc chemistry (Barany and 
Merrifield, 1979 and references therein) . The synthesis 
was performed in a computer controlled Biosearch SAM Two 
peptide synthesizer. Standard N-t-Boc protected amino 
acids were employed in the synthesis. The side-chain 
functionalities used were tosyl (arginine),benzyl 
(glutamic acid), 2-chlorobenzylcarbonyl (lysine). The 
resin used was MBHA (4-methyl-benzhydrylamine) with a 
C-terminal amide.
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Fig. 1.4.- Mean residue ellipticity of Cecropin-B in (I) 
phosphate buffer and (II) 20 % HFP (v/v) in 
the same buffer
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The synthesis of Cecropin B and SB-37 has been 
previously described by Jaynes et al., (1989). Briefly, a 
standard N,N'-dicyclohexyl-carbodiimide coupling protocol 
was used for all residues except for asparagine, 
isoleucine, and valine where a double coupling protocol 
was followed. All coupling stages were performed with a 
four-fold excess of protected amino acid derivatives. The 
coupling steps were monitored periodically by the 
quantitative ninhydrin reaction (Sarin et al., 1981). 
After all residues were coupled, the peptide-resin was 
removed from the machine and cleavage was achieved by 
treatment with anhydrous hydrogen fluoride (HF). In 
general, the specifications and recommendations of the 
manufacturer were followed.
The syntheses of Cecropin B, Hecate-1, Anubis-2, and 
Shiva-11 were carried out in a computer assisted Milligen 
9050 PepSynthesizer using the Fmoc chemistry strategy 
(Fields and Noble, 1990) on a polysterene amide (PAL) 
resin. Standard N-Fmoc amino acids were used. Side-chain 
protecting groups were ter-butyl (glutamic acid), 
butyloxycarbonyl (lysine), and N^-2,2,5,7,8-Penta-methyl- 
chroman-6-sulfonyl, (arginine). All coupling stages were
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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performed with a 4-fold excess of protected amino acid 
derivatives. Following coupling, removal of the Fmoc group 
was achieved with a 20% solution of piperidine in 
dimethylformamide (DMF). Cleavage of the peptides from the 
resin was obtained by soaking the peptide resins for 2 
hours in a trifluoroacetic acid (TFA) solution containing 
5% thioanisole, 2% anisole and 3% ethanedithiol. These 
solutions were filtered and precipitated with a ten-fold 
excess of cold diethyl ether. The crude peptide 
preparations were washed twice with ether and dried.
Peptide purification
Organic contaminants of all crude preparations were 
removed and size-fractionated by gel filtration on a 1.5 x 
100 cm Sephadex G-25 column, eluted with 0.1 M acetic 
acid, and lyophilized. Purity of all peptides was 
monitored by reverse-phase High Pressure Liquid 
Chromatography on a Varian 5000 HPLC using a 
semi-preparative Waters (lBondapak C18 column, 8 mm x 10 
cm Radial-Pak cartridge, employing the Radial Compression 
Module-100. To determine that the synthesis had yielded a 
complete product and to avoid those peptides which had 
deletions, the molecular mass of the peptides was 
determined on a 252Cf Plasma Desorption Mass Spectrometer
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(PDMS) Bio-Ion 20. Operating conditions were as those 
recommended by the manufacturer.
In preliminary experiments with SB-37 and Cecropin B, 
the completion of the synthesis was determined by 
amino-terminus sequence analysis, performed on an Applied 
Biosystems 470-A gas phase protein sequencer. 
Phenylthiohydantoin-derivatized amino acids were analyzed 
in a Waters Pico Tag system employing a C18 column, 3.8 mm 
x 15 cm (Waters Nova-Pak).
Polyacrylamide Electrophoresis
All lytic peptides, except SB-37, were analyzed by 
acidic polyacrylamide gel electrophoresis (Boman et. al., 
1990) . The concentration of acrylamide was 15% and the 
ratio acrylamyde/bis-acrylamide was 75:1. The gel buffer 
contained 0.375 M acetic acid and 0.09 M KOH, pH 4.3 
(Gabriel, 1971) . Twelve |i.gs of each peptide in 10 mM 
buffer phosphate, pH 7.0, were mixed with an equal volume 
of sample buffer (sucrose 5%, methyl green 0.02%). Gels 
were run at 100 V for about 2 hrs. The peptides were fixed 
by soaking the gel for 1 h in 20% 5-sulfosalicylic acid 
and stained overnight by 0.1% Coomassie Brilliant Blue 
R-250 in 7% acetic acid. Destaining was performed by
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washing many times with 7% acetic acid. Gels were 
subsequently dried under vacuum for 1 h at 80°C and 
photographed.
Circular Dichroism Analysis
Circular Dichroism analysis of the different lytic 
peptides was performed according to the conditions 
described previously (Wade et al.,1990). In short, spectra 
were recorded on a computer-assisted Aviv 60DS CD 
spectropolarimeter. Peptide solutions were normalized to 1 
mM amino acid concentration and 0/20% (vol/vol) 
hexafluoro-2-propanol (HFP) in 2.5 mM sodium phosphate, pH 
7.4. Measurements were in a 1-mm cell from 270 to 184 nm 
at 0.5-nm intervals, and three scans were averaged. 
Spectra were taken at 28°C. The concentration of each 
peptide was calculated from an amino acid composition 
profile made, after peptide hydrolysis with 6M HC1, on a 
Waters Pico Tag amino acid analyzer.
Human red blood cell hemolysis
The hemolytic activity of the different peptides was 
examined according to a procedure described by Cuervo et 
al., (1988). Briefly, ten p.1 of human blood was suspended 
in isotonic PBS buffer (pH 7), followed by the addition
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Table 1.1.- LI^ o Concentrations In pM of SB-37 alone and In 
combination with chicken egg-white lysozyme 
against several phytopathogenic bacteria
Bacteria SB-37 SB-37+ CEWL
P.syrlngae pv. tabacl 5.20 0.19
P.solanacearum 64.0 16.0
E. carotovora subsp. 
carotovora
1.48 0.44
X. campestris pv. 
campestris
0.57 0.027
Clavlbacter mlchlganense 
subsp. mlchlganense
2.7 ---
Concentrations in J»M of peptide necessary to kill 50% of cells. At 
least three separate assays were conducted for each treatment and 
variation was not greater than 15%. Values for chicken egg white 
lysozyme alone were all in the mM range.
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of the peptide to reach a final volume of 1 ml. The 
suspension was gently mixed and then incubated for 30 min 
at 37 °C. The samples were then centrifuged at 1000 g for 5 
min. The supernatant was separated from the pellet and the 
optical density was measured at 414 nm. One hundred 
percent hemolysis was determined by suspension of the 
human erythrocytes in sterile water.
Bacteria Growth Conditions
Phytopathogical bacteria strains were grown on 
nutrient broth (Difco) overnight at 30aC. When solid media 
was required, nutrient agar (Difco) was used. In general, 
growth on solid media was slower, 24-48 hours. E. coli 
strain D31 cells were routinely grown at 37BC in LB-broth 
(Miller, 1972) supplemented with ampicillin (100 |ig/ml) . 
When solid media was employed, 1.5% agar was added to 
LB-broth.
Antibacterial activity assays
To test the activity of the Cecropin B-derivative 
SB-37, a 5 x 10-3 M solution in 0.01 M potassium phosphate 
buffer, pH 6.8, was prepared. One hundred |ll of a serial 
ten-fold dilution, from 10-3 M to 10-8 M, of the peptide, 
were incubated with 1-6 x 10*7 colony forming units, cfu,
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Table 1.2.- Effect of SB-37 on Bacterial Wilt development 
following Tomato Stem Inoculations with P. solanacearum
Treatment *Mean Disease Severity
2 weeks 3 weeks
Control 2.7 3.6(7)
5 o h m 1.6 2.0(3)
5|lM 1.9 2.4(4)
0. 5|1M 2.1 2.7(5)
* Severity rating scale: 0, healthy; 1, localized necrosis; 
2, epinasty; 3, wilting; and 4, dead. Means are derived 
from a sample size of ten plants. In parentheses the 
number of plants wilted or killed.
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of each bacteria strain for 1 h at room temperature. Then, 
the mixtures were diluted several fold using the same 
buffer and three 50 fil samples of each dilution were 
spread on Nutrient-agar, NA, (Difco) plates. The plates 
were incubated at room temperature for 24-48 h, as 
necessary, and the number of colonies on test and control 
plates were counted. One hundred percent survival was 
determined by suspension of an equal amount of bacteria 
strain in buffer and treated as described. LD50 values 
were defined as the concentration that resulted in 50% 
killing (or 50% survival) relative to the control. In the 
synergy studies, each dilution of SB-37 contained a 1:10 
molar ratio of the peptide to the chicken egg-white 
lysozyme, CWEL, (Sigma). These were preincubated at 37BC 
for 1 h prior to the addition of the bacteria. Each test 
was repeated twice.
To compare the antibacterial activity of the rest of 
peptides, (Cecropin B, Shiva-11, Magainin-2, Anubis-2, 
Mellitin-2 and Hecate-1) another test was designed. A 
pre-determined concentration of peptide was incubated with 
a constant amount of bacteria for one hour at room 
temperature. Then, 100 |ll of 10-2 and 10-3 dilutions were 
plated on NA plates and the number of surviving colonies
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Table 1.3.- Effect of SB-37 on Infection of Sweet Potato 
Storage Roots by Erwinia chrysantheml
Treatment 1§
b
cfu/ml l6 cfu/ml fo cfu/ml
a'No . c Size No Size No. Size
Buffer+bacteria 4 8.9 3 9.1 3 6.5
1 mM 4 13.0 0 -- 0 --
100|iM 3 10.0 3 7.2 1 4.3
lOjlM 4 15.2 5 12.8 2 5.3
1|IM 4 14.0 5 17.0 3 8.7
a No. - number of infections per five inoculation 
b cfu “colony forming units 
c Size = mean lesion dimension (mm)
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were scored after 24-48 h as appropriate. The activity was 
expressed as log-killing, i.e. the log of the initial 
number of colonies minus the log of the number of 
survivors. Thus, for an initial number of 10* cfu and a 
survival of 100 colonies, the log-killing is 4.
Tomato stem inoculations
The leaf axils of seven-week old tomato (Lycopersicum 
esculentum cv. Rutgers) plants were inoculated with 107 
colony forming units (cfu) of Pseudomonas solanacearum 
that had previously been incubated for 30 min at room 
temperature with different concentrations of peptide. The 
samples (20|il) were applied to the top leaf axil and a 
toothpick was inserted through the ionoculum into the stem 
(half-way). The inoculated plants were covered with 
plastic bags for 24 hours and monitored up to three weeks 
after the onset of symptoms. The plants were watered twice 
a day to maintain ideal conditions for development of the 
disease (high humidity).
Sweet Potato assays
Cells of Erwinia chrysanthemi from 48-hours old 
cultures grown at 32DC were suspended in 10 ml of sterile 
0.1 M phosphate buffer, pH 7.0. One hundred ^ll-aliquots of
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Table 1.4.- Effect of different lytic peptides on Bacterial 
Wilt development following Tomato Stem inoculations with 
P. solanacearum
Lytic Peptide Mean Disease Severity
No peptide 10|iM 100UM
Cecropin 3.6 0.4(6)
Shiva-11 3.7 0.5(7)
Magainin-2 3.7 1.5(0)
Anubis-2 3.3 0.1(9)
Mellitin 0.0 ---
Hecate-1 3.3 0.1(9)
Buffer 0.0
Buffer+Bacteria 3.9
Severity rating scale: 0, helathy; 1, localized necrosis; 2, 
necrosis at more than 1 cm from inoculation; 3, epinasty; 4, 
wilting; and 5, dead. Means are derived from a sample size of 
ten plants. In parentheses the number of healthy plants.
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the bacterial suspension (A620 = 2.0) were mixed with 100 
|ll of different solutions of SB-37, for a final 
concentration of 100, 10 and 1 |1M, and incubated 30 min at 
room temperature. Five Jewel sweet potato storage roots 
were inoculated for each treatment by jabbing micropipette 
tips each containing 25 (il of undiluted and 10-fold 
dilutions of bacterium/SB-37 mixture. The sweet potatos 
were placed in baskets, covered with plastic garbage bags 
and incubated at room temperature. Diameter of the lesions 
in mm were recorded a week later. Controls in parallel 
were run with storage roots inoculated with bacteria and 
incubated with buffer phosphate under the same conditions.
RESULTS AND DISCUSSION
SB37 Antibacterial activity
The synthesis of SB-37 became a necessity to test if 
the addition of a Met-Pro dipeptide in the amino terminal 
and the replacement of Met-11 for Val, would have any 
influence in its activity. Table 1.1 shows a summary of 
antibacterial activity against several important bacterial 
pathogens. Moreover, SB37 in the presence of CEWL, showed a 
a more pronounced killing activity. Such a synergistic
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Table 1.5.- Summary of activities against E. carotovora 
subsp. carotovora, Ecc-13, and E. coll, strain D31
Peptide Ecc-13 D31
Mellitin
lpM 4.6 (4.6) 5.9 (5.9)
0.5|IM 4.6 (4.6) 0.6 (5.9)
O.lpM 1.39(4.6) — — — —  —
Hecate-1
lpM 4.6 (4.6) 5.9 (5.9)
0.5|lM 0.03 (4.6) 14.9%
0. lpM 61.4% — — — —  —
Cecropin B
l)lM 4.6(4.6) 5.9 (5.9)
0.5pM 4.6(4.6) 1.53(5.9)
O.lpM 0.06(4.6) --------
Shiva-11
lpM 4.6(4.6) 5.9 (5.9)
0.5pM 0.08(4.6) 5.7%
O.lpM 52% -----—
Magainin-2
lpM 0.23(4.6) 8.3% (5.9)
0. 5pM 8 % 8.5% (5.9)
O.lpM 19.3% --------
Anubis-2
lpM 1.78(4.6) 5.9(5.9)
0. 5pM 0.44(4.6) 1.2%
O.lpM 39.4%
Activities are given as log killing: log of the initial 
number of cells minus log of the number of survivors. 
Number in parentheses indicate the log of the initial 
number of cells. Percentage indicate an increase over 
the initial number of cells
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effect gives strong support to the idea presented by 
Jaynes et al, (1987) that the eventual introduction of 
more than one antibacterial-encoding gene would become a 
fabulous barrier to the pathogen. Table 1.2 shows the 
effect of SB-37 in reducing wilting in tomato plants when 
the peptide was incubated with the inoculum before 
infection. When the peptide was mixed with the inoculum 
and immediately used for infecting plants, no reduction in 
the wilting symptoms was observed, indicating that a 
previous exposure of the bacteria with the peptide was 
necessary. This "incubation" would take place in a plant 
constitutively expressing moderate amounts of the peptide. 
Finally, Table 1.3 summarizes the effect of SB37 in the 
infection of E. chrysanthemi in sweet potato storage 
roots. The infection was made such that different amounts 
of bacteria were exposed to different peptide 
concentrations. A very intriguing result is seen where a 
high ratio of cells to peptide occurs. In these cases, an 
increase in the degree of infection as measured by the 
diameter of the lesion is observed. This effect, a 
proliferative effect has since then been reported in other 
systems (J. Jaynes, personal communication) . A possible 
scenario where a sublethal peturbation of the cell 
membranes leads to cell division still awaits further
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study.
Physical and Chemical Properties of the 
synthetic peptides
The amino acid sequences of the peptides reported in 
this chapter are given in Fig.1.1. Peptides were 
considered to be pure and to have correct structure on 
the basis of analytical HPLC and mass spectrometry (Fig. 
1.2, 1.3) . The conformation in solution was measured by
circular dichroism as a function of solvent composition, 0 
and 20% (vol/vol) HFP. In aqueous solutions the peptides 
were largely random coils, with no observable alpha-helix. 
The only exception was Shiva-11 which surprisingly 
exhibits an alpha-helical conformation in aqueous 
solution. Helicity increased when the spectra were 
recorded in the presence of 20% HFP, a solvent commonly 
used to induce helicity in single-chain alpha-helical 
peptides (Fig 1.4, 1.5. 1.6, 1.7). An exact quantification 
of the alpha-helicity was hampered because of the lack of 
special computer packages, i.e. the Prosec program, which 
is based on the data of Chen and Yang, (1971) or the 
Provencher program (Provencher, 1984).
The electrophoretic mobility of the different peptide
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at pH 4.3 (Fig. 1.9) correlated well with calculated 
netcharge but was also a function of size and 
hydrophobicity. Thus, Hecate-1 migrated faster than 
Melittin as it has a higher positive charge and a smaller 
size. Likewise, despite being larger, Anubis-2 ran faster 
than Magainin-2, due to its higher positive charge.
Antibacterial and Hemolytic Activity
The antibacterial activity of the different peptides 
against two bacteria strains is summarized in Table 1.5. 
Toward E. carotovora only melittin and cecropin B were 
somewhat active at the lowest concentration of 0.1 |1M. 
However, the other peptides caused a proliferative effect 
with counts higher than the initial number of cells. 
Magainin-2 seems to be the least active, with less than 
half the cells killed at 1 |1M. Against E . coli D31, the 
most active peptide was cecropin B, confirming early 
results in the literature (Steiner et al., 1981). Again,
the other peptides, except melittin, showed a 
proliferative effect. It is interesting that for some 
peptides the difference between full activity and the 
proliferative effect is so narrow in terms of 
concentration, l|i.M vs O.SjiM. In the tomato stem 
assays, all the peptides showed activity at the highest
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concentration of 100 |1M. Melittin, in this test, was the 
most active with total protection at 10 )lM (Table 1.4).
Human erythrocyte hemolytic activity was measured for 
all the peptides. The result is illustrated in Fig. 1.10. 
All the peptides except Hecate-1 (Melittin analog) showed 
no significant hemolytic activity up to 200 jxg/ml. 
Hecate-1 showed appreciable hemolysis at lOOjig/ml which is 
approximately equivalent to 1/25 the potency of melittin. 
The relatively moderate hemolytic activity of Hecate-1 
does not parallel its bactericidal activity. On the 
contrary, Anubis-2 shows no appreciable hemolytic activity 
but has the best activity against bacteria. The results 
for magainin-2 confirm prior results found in the 
literature (Chen et al., 1988).
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CHAPTER TWO 
INTRODUCTION OF A  SYNTHETIC GENE FOR A 
CECROPIN B-DERIVATIVE IN TOBACCO 
AND POTATO PLANTS
INTRODUCTION
Humoral immunity in insects
Humoral immunity can be induced in many insects, 
specially in lepidoptera and diptera, by an injection of 
heat-killed pathogenic or live nonpathogenic bacteria. 
This phenomenon has been studied at the molecular level by 
using diapausing pupae of the cecropia moth (Hyalophora 
cecropia) as a model system. After a short period of RNA 
synthesis the insects respond to the bacteria by the 
production of a potent antibacterial activity which is due 
to the composite action of lysozyme (chapter fourth; 
Hultmark et al., 1980, Engstrom et al.r 1985) and two new 
classes of bactericidal proteins, the cecropins (this 
chapter; Steiner et al., 1981; Hultmark et al., 1982, van 
Hofsten et al., 1985) and the attacins (chapter third,
37
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Hultmark et. al., 1983; Engstrom et al., 1984, Kockum et 
al., 1984).
H. cecropia pupae contain three major cecropins, A, B, 
and D, which are easy to separate. It also has four minor 
antibacterial components (Hultmark et al., 1982), two of 
which may be cecropin precursors with an additional 
C-terminal glycine. All cecropins are 31-39 residues 
(molecular weights around 4 x 10 3), have a strongly basic 
N-terminal region and a long hydrophobic stretch in the 
C-terminal half. These properties make it easy to 
demonstrate cecropins in immune hemolymph using 
polyacrylamide gel electrophoresis at pH 4. When the gel 
is overlaid with a suitable indicator bacterium and 
incubated overnight, the different cecropins and (the 
attacin family) are visualized as spots without bacterial 
growth (Hultmark et al., 1980). This method has been used 
to demonstrate cecropin-like peptides in several 
lepidopteran and dipteran species (Boman and Hultmark, 
1987).
Diversity
Cecropins from the giant moth H. cecropia (A, B, and 
D) , Chinese silk moth Antheraea pernyi (B and D) ,
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cecropin-like peptides, similar to the A and B forms, from 
Bombyx mori (lepidopterans) and cecropin A-like peptides 
in Drosophila and Sarcophaga (sarcotoxins) have been 
purified and sequenced (Steiner et al.; 1981, Hultmark et 
al., 1982; Qu et al., 1982; Teshima et al., 1986; Okada and 
Natori, 1985) . Boman and Hultmark (1987) have proposed the 
name cecropins for all antibacterial compounds with a 
convincing homology to cecropins. After a close inspection 
of the sequences of the major cecropins, it is observed 
that all have N-terminal amino acids which are strongly 
basic while the C-terminal regions are neutral and contain 
long hydrophobic stretches. The C-terminal residue is 
always amidated. Cecropins B and D show a 65 and 62% 
homology when compared to cecropin A, however, about half 
the amino acid substitutions are strictly conservative, 
and the different cecropins are therefore highly 
homologous which at least in H, cecropia suggests that all 
three evolved through gene duplications (Boman and 
Hultmark, 1987).
Model building, theoretical predictions, and circular 
dichroism spectra indicate that cecropins can form nearly 
perfect amphipathic alpha-helices. Proteins with 
amphipathic helices are often associated with membranes,
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and this secondary structure may be of importance for the 
membrane-disrupting activity of the cecropins ( Steiner, 
1982; Merrifield er al., 1982; Andreu et al., 1985).
Antibacterial activity
Cecropins A and B are highly active against several 
gram-positive and gram-negative bacteria, while the D form 
shows high activity only against E. coli and Acinetobacter 
c a l c o aceticus. Several of the bacteria tested, e.g. 
Serratia marcescens, Pseudomomas aeruginosa, and 
Enterococcus faecalis, have been encountered as occasional 
insect pathogens. Xenorhabdous nematophilus and B. 
thuringiensis, are obligate insect pathogens. The former, 
which is cecropin sensitive, lives symbiotically with a 
nematode that destroys the cecropins (Gotz et al., 1981). 
The latter is the organism most commonly used for 
biological control of insects (Burges, 1981) and is 
totally resistant to all cecropins. It is interesting that 
all three cecropins act on A . calcoaceticus, an organism 
that is known to be resistant to many antibiotics (Boman 
and Hultmark, 1987).
Several studies with cecropins analogs have concluded 
that the antibacterial activity does not require an
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extended alpha-helix. However, broad spectrum is lost when 
the alpha-helix is disrupted (Merrifield et al., 1982; 
Andreu et al., 1985). The overall conclusion of these 
experiments, is that the cecropin structure has been 
selected for broad-spectrum activity and that this is the 
first property lost by amino acid substitutions. The broad 
spectrum activity also requires an amidated C-terminus 
(Boman and Hultmark, 1987).
Jaynes et al.,(1987) proposed that antibacterial genes 
from insects could be used to confer disease resistance. 
Consequently, it was decided to introduce the cecropin B 
gene into tobacco plants. However, the mature form did not 
have a Met residue at position 1. A derivative was 
designed as follows: The mature sequence for cecropin B 
would have an extra dipeptide Met-Pro in the amino 
terminal region and an internal Met-11 would be replaced 
by a Val residue. This new peptide, SB-37, proved to be as 
active as the original cecropin B form (see chapter one). 
In this chapter the introduction of a gene for SB-37 into 
tobacco and potato plants is described. The gene was 
placed under the control of three different promoters.
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MATERIALS AND METHODS 
Chemicals
Cecropin B was synthesized as described (see chapter 
o n e ) . 4-Methyl-umbellyferyl B-D-glucuronide (MUG), 
4-methyl-umbelliferone (MU) and 5-bromo-4-cloro-3-indolyl 
glucuronide (X-gluc) were from Research Organics. 
Oligonucleotides were custom-made by P&S Biochemicals. 
Poly-L-Lysine and glutaraldehyde were from Sigma
Plasmids
Plasmids pMON200 and pMON530 were kindly provided by 
S. Rogers, Monsanto, Co. Plasmids pCP901 and pCP902 were a 
gift of K. Xanthopoulos, University of Uppsala, pIBI76, a 
multicloning vector, was purchased from International 
Biotechnologies. Plasmid pBI121 was a gift of R. Jefferson 
(Italy), pCa2 was generously provided by J. McPherson 
(University of British Columbia), pIGl was obtained from 
L. Willmitzer (IGF, Berlin).
Nucleic acid manipulation
DNA manipulations were performed essentially as 
described (Maniatis et al.,1982). DNA modifying enzymes 
were obtained from New England Biolabs, Boehringer or BRL
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and used according to manufacturer's specifications. 
Double-stranded dideoxy sequencing was performed using a 
USB Sequenase kit.
Plant Transformation and Regeneration
The pLDBl and pLDB7 constructs were mobilized to 
Agrobacterium tumefaciens GV3111 (pTiB6S3SE) by the 
triparental mating procedure (Ditta et al., 1980) and the 
integrity of the cointegrate pTiB6S3SE::pLDB7 was examined 
by Southern hybridization analysis as described previously 
by Fraley et al., (1985). The integrity of pLDBl was 
examined by mating the agroclone back to E. coli AJB361 
and further analysis of the plasmid by the alkaline lysis 
method as described in Maniatis et al., (1982). Plasmids 
pLDB7 and pLDB14 were transferred to A. tumefaciens 
LBA4404 (pAL4404) by the direct DNA transfer as described 
by An, (1987) . Leaf discs of N. tabacum var Xanthi were 
transformed as described (Horsch et al., 1984). Likewise, 
pLDB7 and pLDB14 were t r a n s f e r r e d  to the 
agropine-producing Agrobacterium rhizogenes R1000 (pRiA4b) 
(Huffman et al., 1984) and used to infect in vitro-derived 
potato plants from a new cultivar from the Philippines, 
tentatively designated 86007. Hairy-roots were excised and 
plantlets regenerated and propagated as described (Yang et
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al., 1989)
fl-Glucuronidase (GUS) assays
For constructs pLDB7 and pLDB14, truly tobacco 
transformed plants were further selected from plants that 
were able to root in the presence of kanamycin. Root tips 
were incubated in 96-wells ELISA plates, 3-4 tips per 
well, in the presence of ImM X-Gluc, 50 mM NaP04 (pH 7.0) 
at 37°C for 4-8 hours. Blue-colored root tips indicated 
positive transgenic plants. Similarly, GUS assays were 
also performed to distinguish hairy-roots containing only 
T-DNA sequences from the Ri plasmid (GUS negative) from 
the ones containing, in addition, the pLD7 or pLDB14 
construct (GUS positive). Fluorometric assays were carried 
out as described by Jefferson et al., (1987) in leaves of 
mature transformed tobacco plants (60-80cm). Protein 
concentration in leaf-crude extracts was determined by the 
dye-binding method of Bradford (197 6) with a kit supplied 
by BioRad Labs.
Genetic analysis
Tobacco regenerants were transferred to the greenhouse 
and were allowed to self-pollinate. Seeds were 
surface-sterilized in 10% chlorox™ with traces of Tween 20
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for 20 min and washed 3 times, 5 min each, with sterile 
distilled water. Seeds were sown in petri dishes as 
described in chapter four and scoring of resistant- and 
sensitive-seedlings was performed 3-4 weeks after 
germination Seedlings with the first true leaves were 
scored as kanamycin resistant. Under these conditions at 
least 95% of the seedlings germinated in each progeny 
sampled. On average 100-250 seedlings were scored per 
independent transformant. A chi-square statistical 
analysis test was used essentially as described 
(Gharti-Chhetri et al., 1990).
DNA extraction and Southern blotting
They were performed according to Dellaporta et al., 
(1983) and Maniatis et al., (1982). The genome size of 
tobacco and potato were taken from Bennett et al., (1982). 
For more details see next two chapters.
Antibody preparation
Adjuvant System (Ribi Research, MN) . Synthetic 
Cecropin B (1 mg) was dissolved in 2 ml of sterile saline 
solution and mixed with the RIBI adjuvant and used to 
immunize the animals as recommended by the suppliers. 
Animals were boosted every three weeks, with decreasing
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amounts of peptide, and bled 10 days after the second 
boost. Titer of the antiserum was determined by an ELISA 
procedure (J. Ball, personal communication). Purification 
of the IgG fraction was performed with an ImmunoPure® (A) 
IgG purification kit provided by Pierce. The IgG fraction 
was pooled, desalted with disposable Excellulose™ 
desalting column (Pierce) and adjusted to ~lmg/ml in 
phosphate saline buffer (PBS). Attempts to affinity purify 
Cecropin B-specific antibodies from the IgG fraction by 
using an ImmunoPure® Ag/Ab immobilization kit (Pierce) 
failed due to the small amount of peptide that was coupled 
to the column.
ELISA assays
A recently developed protocol (J. Ball, personal 
communication) was used to titer the rabbit antiserum. 
Briefly, ELISA plates were primed by the addition of 2 
|lg/well of Poly-L-Lysine (Sigma) in bicarbonate buffer (50 
mM, pH 9.6) and incubated for one hour at room 
temperature. Plates were washed several times with PBS and 
air-dried. Fifty |ll of 1 % glutaraldehyde were added to 
each well and incubated 15 min at room temperature and 
washed once with PBS. Approximately 500 ng of cecropin B 
in PBS were added to the appropriate wells, plates were
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sealed with Saran wrap, to prevent evaporation, and 
incubated overnight at room temperature. Plates were 
washed twice with PBS and blocked with both glycine 1 M 
(100 (ll/well) for 1 h and 2.5%Blotto/5% gelatin (100 
Hl/well) for another hour. Different dilutions of the IgG 
fraction in PBS were added to the appropriate wells and 
incubated for 1 hour. After extensive washing with PBS, 
plates were incubated with 50 H-l/well of a 1/4000 dilution 
of an a n t i - r a b b i t  (IgG, H+L) a l k a l i n e  
phosphatase-conjugated goat antibody (Boehringer Mannheim 
Biochemicals) for 30 min, washed thoroughly with PBS. 
Color was developed by adding 100 |ll of substrate buffer 
(10% diethanolamine; 5 mM MgC12; p-nitrophenyl phosphate, 
lmg/ml; pH 9.8) and plates were read (at 405 nm) by a 
Microplate Reader, model 3550 from BioRad.
Preparation of Protein Extracts for Western blot 
analysis
Fifty to 200 mg of leaf tissue (tobacco or potato) 
were mixed with lx (w/v) protein extraction buffer (50 mM
Tris, pH 7.5, 5 mM DTT, 0.05% Triton X-100, 50 mM EDTA,
0.19 mg/ml PMSF), homogenized and treated §ccording to 
Yang et al., (1989). Protein concentration in the extracts
was determined by the dye-binding method of Bradford
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(1976) with a kit supplied by BioRad Labs. In the case of 
plants transformed with construct pLDB14, a wounding-like 
treatment was applied to leaves of in vitro plants as 
described (Johnson and Ryan, 1990; see also chapter three 
for details) .
Western blot analysis
Proteins were transferred to Immobilon™ (Millipore) 
membranes from SDS-Tricine polyacrylamide gels (Schagger 
and von Jagow, 1987) containing 16.5% acrylamide. A TE 70 
Semi-Dry transfer unit (Hoefer) was used according to the 
recommendations of the manufacturer. The membrane was then 
incubated 30 min in 1-5% BSA in Tris-buf fered saline 
(lOmM, pH 8.0; 150 mM NaCl;0.05% Tween-20; TBST), rinsed 
in TBST, then treated for 1-4 h with 20 fig of rabbit IgG 
anti-cecropin B. After several 30-min washes with TBST, 
the membrane was incubated for one hour in anti-rabbit 
Alkaline Phosphatase (Promega), diluted 1/3000 in 1% BSA 
in TBST), washed several more times in TBST. Alkaline 
phosphatase was detected according to Blake et al., (1984) 
with a kit supplied by Promega. Under these conditions as 
low as 15-20 ng of purified cecropin B were detected (data 
not shown).
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Disease susceptibility assays
Pseudomonas solanacearum strain UW77, wich is highly 
virulent on tobacco, obtained from L. Sequeira (U. of 
Wisconsin), was used in all inoculation experiments. After 
overnight growth in rich broth medium, bacteria were 
harvested by centrifugation (5,500 g, 20 min, 4eC), washed 
once in water and resuspended in water at various cell 
densities for use as inoculum. Kanamycin resistant tobacco 
seedlings were grown from primary transgenic seeds of 
control (pBI121) , and several transgenic lines and 
transplanted directly into 8-oz. styrofoam cups or 4" 
plastic pots containing artificial potting soil (Pro-Mix), 
and grown in a greenhouse. Plants for the wounded root 
bacterial challenge assay were grown to a height of ~10 cm 
and then the margin of 4 to 5 leaves was marked by cutting 
a small notch. All roots on one side of the plant (half 
way between the stem and the wall of the cup) were cut, 
the cups were placed in saucers, and 5 ml. of bacteria 
suspended in water at two concentrations (high, 10B cfu/ml 
and low, 106 cfu/ml ) were poured slowly onto the soil. 
Controls received water alone. The plants were then 
randomly arranged and coded to create a single blind 
experiment. The plants were incubated in a 30°C growth 
chamber and the soil kept constantly moist by
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maintaining water in the saucers. The percentage of 
notched leaves that were completely wilted was recorded 
for each plant on a daily basis, and the mean percentage 
of leaves wilted for each treatment calculated. When all 
of the notched leaves were wilted the plant was considered 
completely wilted; new 'leaves that appeared during the 
assay were not counted even though they too were usually 
severely wilted.
RESULTS 
Construction of pLDB7
Plasmids pCP901 (173 bp-insert) and pCP902 (242 
bp-insert) have 152 bases in common, including the entire 
coding region for the mature cecropin B. It became evident 
that it would be cumbersome and time-consuming to derive 
the sequence for SB-37 from these two cDNA clones. 
Correspondingly, it was decided to make a complete 
synthetic gene for the cecropin B-derivative (see chapter 
one) .
The strategy for the synthetic gene for SB-37 followed 
the traditional approach of gene asembly (Tanaka et al.,
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Fig. 2.2.- Cloning flow-chart of pLDBl and pLDB7
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Fig. 2.3.- Southern blot of total DNA of several A. 
tumefaciens GV3111 (pTiB6S3SE::pLDB7) clones. 
One (ig of DNA was digested with BamHI, electro- 
phoresed on a 1% agarose gel, blotted on Duralon® 
membranes and probed with a 125 bp fragment from 
pLDBlOl. Right lane contains one nanogram of pLDB7 
digested with BamHI. AgC38-X's are independent 
transconjugants.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
1982; Grunstorm et al., 1985; Narang et al., 1986). 
Essentially this approach requires the enzymatic ligation 
of synthetic complimentary oligonucleotides with a plasmid 
followed by transformation of competent cells.
The gene sequence was divided into six fragments. The 
upper-strand (coding strand) was composed by three 
oligonucleotides; SB-1 (nucleotide 1-42); SB-2 (nucleotide 
43-82) ; SB-3 (nucleotide 83-122) and the lower strand 
(antisense strand) formed by three oligonucleotides; SB-4, 
SB-5, and SB-6. The sequence of each fragment is shown 
below. The first choice for an intermediate vector was 
pMON530 so the synthetic gene was designed to begin with 
B g l l l  and end with E c o R I  cohesive ends. The two 
restriction sites are shown in bold face:
SB-1 5'GATCTATGCCGAAATGGAAAGTCTTCAAGAAAATTGAAAAAG 3'
SB-2 5'TCGGTCGCAACATTCGAAACGGTATTGTCAAGGCTGGACC 3'
SB-3 5 ' AGCGATCGCGGTTTTAGGCGAAGCCAAAGCGCTAGGATAA 3 ’
SB-4 5'AATGTTGCGACCGACTTTTTCAATTTTCTTGAAGACTTTCCAT
TTCGGCATA 3'
SB-5 5'AAAACCGCGATCGCTGGTCCAGCCTTGACAATACCGTTTCG 3'
SB-6 5 ’AATTCTTATCCTAGCGCTTTGGCTTCGCCT 3'
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Ligation of the assembled fragment to the binary 
vector produced dozens of positive recombinants upon 
screening. In order to confirm the nucleotide sequence in 
the fragment, the SB-37 gene was subcloned from pLDBl into 
pUC19 to yield pLDBlOl and double stranded dideoxy 
sequencing proved the sequence to be as designed (Fig. 
2.1). The binary construct was introduced into A. 
tumefaciens GV31111 (pTiB6S3SE) by the triparental method 
(Ditta et al., 1980). The gene for SB-37 has also been 
designated as C38, accordingly any of these two 
denominations pretend to name the same gene. The peptide 
is always referred as SB-37.
In our hands tobacco transformation using 
pMON530-derived constructs (data not shown) worked very 
inefficiently, indeed in preliminary experiments, less 
than 1% of inoculated leaf discs gave kanamycin-resistant 
shoots. It became apparent that the cassette 
CaMV35S-C38-NOS3' could be transferred to the intermediate 
co-integrate vector pMON200 (see Fig. 2.2 for details). 
The new construct pLDB7 was subsequently introduced into 
the Agrobacterium tumefaciens GV3111 (pTiB6S3SE) as 
described (Fraley et al., 1985) and resulted in the 
production of a co-integrate non-virulent plasmid,
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pTiB6S3SE::pLDB7. Southern analysis of total DNA from A. 
tumefaciens (pTiB6S3Se::pLDB7) revealed that the chimeric 
gene was present in the T-DNA (Fig 2.3).
Construction of pLDBlO
In order to insure higher levels of expression it was 
decided to construct a chimeric SB-37 gene with a variant 
of the CaMV35S promoter which has transcriptional activity 
approximately tenfold higher than that of the natural 
promoter. The plasmid pCa2 (Kay et al., 1987) contains a 
tandem duplication of 250 bp of upstream sequences (-343 
to -90::-343 to +9) cloned in pUC18 (Pstl/Xbal) . There is 
an EcoRV site at position -90 that was used to construct a 
hybrid Double-CaMV35S-C38-NOS3' recombinant construct. 
Accordingly, EcoRV and Hindlll digestion of pLDB7 released 
a truncated (-90)CaMV35S-C38-NOS3' that was subcloned into 
the multipurpose cloning vector pIBI76 (pLDB102) . This 
step provided convenient sites downstream of Hindlll which 
became useful in transferring the fragment to pCa2 to 
yield pLDB103. At this point the chimeric construct 
Double-CaMV35S-C38-NOS3' could now be subcloned into the 
Hindlll site of pBI121 to yield pLDBlO (Fig. 2.4). The 
orientation with all 3 genes transcribing in the same 
direction was arbitrarily selected.
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Construction of pLDB14
It was decided to put the C38 gene downstream of the 
proteinase inhibitor II (Pill) promoter from potato whose 
expression is both under developmental and environmental 
control in the potato plant and it is wound-inducible in 
transgenic tobacco plants (Keil et al., 1989). This would 
render a modulated expression of the peptide in the plant 
preventing any deleterious effect caused by a constitutive 
expression. Plasmid pIGl contains an expression cassette 
with ca. 1.55 kb 5'-upstream promoter fragment followed by 
a polylinker and a 0.27 kb of 3'-downstream region (L. 
Willmitzer, personal communication). The C38 coding 
sequence was excised from pLDBlOl as a BamHI/PstI fragment 
and cloned into the BamHI/PstI sites of the polylinker of 
pIGl to create a chimeric PiII5'-C38-PiII3' resulting in 
pLDB141. Subsequently the chimeric cassette was excised 
using a Hindlll site located 1.3 kb upstream of the 
transcription start and a second Hindlll site located 
immediately downstream of the Pill3' region, and inserted 
into the respective site of pBI121 to yield pLDB14 (Fig. 
2.5). As before the orientation with the three genes 
transcribing in the same direction was selected. This 
manipulation caused a deletion of 0.25 kb EcoRI-Hindll 
from upstream sequences but did not affect the regulatory
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properties of the promoter (J.S&nchez-Serrano, personal 
communication) .
The constructs pLDBlO and pLDB14 were introduced into 
Agrobacterium tumefaciens LBA4404 (pAL4404) and A.
rhizogenes R1000 (pRiA4b) by the direct Agrobacterium 
transformation method as described by An (1987) . The 
integrity of the constructs was determined by preparing 
plasmid DNA from the agrobacterial transformants. Attempts 
to use the triparental procedure with A. tumefaciens 
LBA4404 failed to produce stable constructs (see next two 
chapters)
Transformation and regeneration of engineered 
plants
A g r o b a c t e r i u m  t u m e f a c i e n s  cells containing 
pTiB6S3SE::pLDB7, pAL4404/pLDB10 and pAL4404/pLDB14 were 
used to infect leaf discs of Nicotiana tabacum var Xanthi 
as previously described (Horsch et al; . 1984) . Several
kanamycin resistant shoots were regenerated from each 
transformation. A stringent selection for transformed 
plants was made by rooting the explants in the presence of 
kanamycin (100)lg/ml) . In the selection of transformed 
plants with pLDBlO and pLDB14 it was convenient to assay
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Table 2.1.- GUS specific activities of 
Ca2C38-X's and WC38-X's clones
Clone pmole 4-MU/min/mg proteii
Ca2C38-6 180
Ca2C38-8 753
Ca2C38-10 152
Ca2C38-ll 89
Ca2C38-12 148
Ca2C38-13 703
WC38-2 2028
WC38-3 1198
WC38-4 48469
WC38-6 1671
WC38-7 94
WC38-8 89
WC38-10 13718
WC38-11 8788
WC38-12 22613
WC38-13 5466
Untransformed 38
The values are the average of two determinations 
of the same leaf sample performed both in the 
same day.
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GUS gene activity in root tips. Six CaMV35S-C38 
transformants, seven Double/CaMV35S-C38 and seven PiII-C38 
transformants were chosen for further study.
A g r o b a c t e r i u m  r h i z o g e n e s  cells containing 
pRiA4b/pLDB10 and pRiA4b/pLDB14 were used to transform in 
vitro-derived potato plants of cultivar 86007 as described 
(Yang et al., 1989). Hairy roots formed within several 
weeks and were cut into 4-6 cm long sections and 
transferred to propagation media. GUS activity assays were 
performed as for root tips (tobacco). About one half of 
the hairy roots showed GUS activity and were subsequently 
transferred to regeneration media. Each hairy root 
regenerated numerous shoots which were removed and 
propagated by single-node cuttings. Several Ca2C38-X's and 
WC38-X's clones were obtained but only two Ca2C38 clones, 
G1 and G3 were available for DNA and western analysis. 
These clones showed the typical aberrant phenotype of 
plants containing T-DNA from A. rhizogenes (Sinkar et al., 
1988).
B-Glucuronidase (GUS) assays
In plants transformed with pLDBll and pLDB15, GUS 
activity was determined in the leaves of primary
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transformants by the fluorogenic assay (Jefferson et al., 
1987) and in the root-tips of Fl-seedlings (clones 
Ca2C38-8 and WC38-4) that had been scored as 
kanamycin-resistant in the segregation test. No such a 
seedling was ever found negative for GUS activity. Table 
2.1 summarizes the GUS specific activities in leaves of 
the same age and length of tobacco plants transformed with 
pLDBlO and pLDB14.
DNA analysis
To verify that no significant rearrangements of the 
transforming DNA had occurred, Southern blot analysis was 
conducted as shown in Figures 2.6-2.9. DNA purified from 
leaves of kanamycin-resistant plants, transformed with 
pLDB7, was digested with BamHI, separated by agarose gel 
electrophoresis, and blotted to Duralon membranes. 
Hybridization analysis was performed using labeled C38 
probe (130 bp gel-purified fragment from pLDBlOl). Figure 
2.6 shows an autoradiogram of gel blot hybridization of 
DNA of a representative sample of tobacco and potato 
kanamycin-resistant plants. Digestion with BamHI should 
release a single internal fragment ca.2.10 kb from the 
T-DNA containing N0S5'-NPTII-NOS3' and CaMV35S-C38-NOS3’: 
All the clones in the blot presented a band of the correct
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Fig. 2.6.- Southern blot of tobacco plants transformed 
with pLDB7. Ten p.g of total DNA were digested with 
BamHI, electrophoresed on a 1% agarose gel, blotted 
on Duralon® membranes and probed to a 44 9 bp 
fragment from pLDBlOl containing the SB-37 gene. 
Lanes lc and 5c contained equivalent amounts of 
pLDB7 to represent 1 or 5 genomic copies in 10 pg.
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Fig. 2.7.- Southern blot of tobacco plants transformed
with pLDBlO. Ten |lg of total DNA were digested with 
Hindlll, electrophoresed on a 1% agarose gel, 
blotted on Duralon® membranes and probed to a 449 
bp fragment from pLDBlOl containing the SB-37 gene. 
Lane3 lc, 2c and 5c contained equivalent amounts of 
pLDB7 to represent 1, 2 or 5 genomic copies in 10 
pg.
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Fig. 2.8.- Southern blot of potato plants transformed
with pLDBlO. Ten (ig of total DNA were digested with 
Hindlll, electrophoresed on a 1% agarose gel, 
blotted on Duralon® membranes and probed to a 449 
bp fragment from pLDBlOl containing the SB-37 gene. 
Lanes lc, 2c and 5c contained equivalent amounts of 
pLDB7 to represent 1, 2 or 5 genomic copies in 10 
|ig of potato DNA.
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Fig. 2.9.- Southern blot of tobacco plants transformed
with pLDB14. Ten |ig of total DNA were digested with 
Hindlll, electrophoresed on a 1% agarose gel, 
blotted on Duralon® membranes and probed to a 449 
bp fragment from pLDBlOl containing the SB-37 gene. 
Lanes lc, 2c and 5c contained equivalent amounts of 
pLDB7 to represent 1, 2 or 5 genomic copies in 10 
H9-
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size when compared to the control lanes. One clone, 38-M, 
did not hybridize with the probe, and since in the 
segregation test it was also negative, it should be 
concluded that it was an escape. Also, two potato clones, 
RB-11 and RB-MS, (Russet Burbank) did not show any signal 
indicating that they were not truly transformants. 
Consequently clones, 38-11, 38-8, 38-F, 38-R and 38-Z were 
selected for western analysis.
Figure 2.7 shows an autoradiogram of gel blot 
hybridization of DNA of two tobacco kanamycin-resistant 
plants transformed with pLDBlO, Ca2C38-8 and Ca2C38-13. 
These two clones had significant GUS specific activity 
(see Table 2.1). Digestion of the DNA with H i n d l l l  
released a single T-DNA internal fragment, ca. 1.05 kb, 
containing the Double-CaMV35S-C38-NOS3' chimeric genes.
Southern analysis of two potato clones, G1 and G3, 
transformed with A. rhizogenes harboring pLDBlO, is shown 
in Fig. 2.8. DNA derived from these clones was digested 
with Hindlll, blotted and probed with the c a . 1.05 kb
probe from pLDB103. Digestion with Hindlll released a 
single fragment of the expected size.
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Results of Southern hybridization, with a ca. 1.75 kb 
fragment from pLDB141 (containing the expression cassette 
PiII5'-C38-Pill3') of DNAs isolated from tobacco plants 
transformed with pLDB114 is shown in Fig. 2.9. DNA's 
digested with Hindlll releases a fragment of the expected 
size only in one clone: WC38-4. However, extra bands of 
different sizes were present in all five clones, 
indicating both rearrangements and multiple insertions. 
Accordingly, clone WC38-4 was selected for western 
analysis.
Gene copy number determinations
The number of loci conferring kanamycin resistance was 
determined by scoring selfed progeny as described in 
Materials and methods. The ratios obtained are shown in 
Table 2.2. The most probable number of loci was estimated 
by chi-square probability values. Southern blots of 
genomic DNA (see above) were used to determine the copy 
number of the internal fragments hence the copy number of 
T-DNAs inserted upon transformation in the primary 
transformants.
Western blot analysis
Extracts of selected transformants were subjected to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
70
Table 2.2.- Gene number estimates and segregation ratios with 
chi-square probabilities (P) of Attacin-loci number 
hypotheses for pLDB7, pLDBlO and pLDB14 plants
Plant FI ratio (R:S) Loci N°0 Gene N°*
Obs Expec P
38-11 73:25 3 1 0.01 1 2
38-8 42:22 2 1 <0.01 1 1
38-F 129:41 3 1 0.03 1 1
38-R 124:36 3 1 0.41 1 1
38-Z 124:10 15 1 0.16 2 1
38-T 130:43 3 1 <0.01 1 -
38-15 141:42 3 1 0.31 1 -
38-LH 87:31 3 1 0.04 1 -
Ca2C38-6 180:14 15 1 0.17 2 NA
Ca2C38-8 184:8 15 1 1.09 2 1
Ca2C38-10 172:3 63 1 0.06 3 N A
Ca2C38-ll 132:58 2 1 0.55 1 N A
Ca2C38-12 123:44 3 1 0.01 1 N A
Ca2C38-13 145:51 3 1 0.06 1 1
WC38-2 104:36 3 1 0.01 1 N A
WC38-3 148:1 255 1 0.01 4 N A
WC38-4 122:12 15 1 1.24 2 2
WC38-6 147:5 63 1 0.03 3 NA
WC38-8 110:36 3 1 <0.01 1 N A
WC38-10 108:30 3 1 0.62 1 -
WC38-11 121:27 3 1 3.25 1 -
WC38-12 115:33 3 1 0.44 1 -
WC38-13 113:29 3 1 1.35 1 -
NA - not determined 
0 Conclusions from chi-square test 
* Determined by Southern blot analysis
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western blot analysis as described in Materials and 
Methods. Numerous attempts were made to determine 
expression at the protein level but all gave 
unreproducible and unconclusive results. In many cases, 
positive bands were detected but the blots showed either 
too much background or faint bands that could not be 
recorded in photographs. Under the established conditions 
low amounts of cecropin B (15-20 ng) were detected. 
Samples were loaded up to 100 |lg so any expression level 
lower than 0.01-0.02% would not be detected. If there was 
some protein expressed it was at very low amounts
Disease susceptibility assays
These experimens were carried out by T. Deeny from the 
Department of Plant Pathology at the University of Georgia 
in Athens, GA. They formed part of a collaborative effort 
to characterize the disease susceptibility of different 
transgenic plants. Indeed, experiments with transgenic 
tobacco plants containing the SB37 (C38) gene were 
characterized together with plants containing the Shiva I 
gene (Jaynes et al., 1991).
Two clones, 38-Z and 38-8, were studied in more 
detail. In fig. 2.10 and 2.11 are summarized the data of
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Fig. 2.10.- Low Inoculum Root assays of Transgenic plants 
containing SB37 under CaMV35S promoter. The 
experiments were carried out by Dr. T. Deeny, 
University of Georgia, Athens, GA, (see text).
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Fig. 2.11.- High Inoculum Root assays of Transgenic plants 
containing SB37 under CaMV35S promoter. The 
experiments were carried out by Dr. T. Deeny, 
University of Georgia, Athens, GA, (see text).
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two experiments/ each with a different size of inoculum. 
The plants were wounded prior to infection because they 
were assayed together with plants that had the Shiva I 
gene under Pill promoter. In both experiments, assessment 
of the percentage of leaves wilted revealed that both 
lines consistently showed symptoms before the control 
(panels A and B) . A similar trend was observed in the 
percentage of plants wilted after inoculation (panels C). 
Interestingly, results are consistent even though they 
were obtained with inoculums 100-fold different. On the 
contrary, Shival-containing plants showed totally opposite 
results. They wilted significantly slower than the 
controls indicating an increase in their resistance to the 
infection. (Jaynes et al., 1991)
DISCUSSION
The succesful introduction of a synthetic gene 
encoding a cecropin B derivative, SB37, under the control 
of three different promoters is described. Tobacco and 
potato plants harboring the different constructs were 
obtained, in many cases single-copy insertions were found. 
The segregation analysis showed that the genes were
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transmitted to the progeny, moreover in those constructs 
carrying the GUS gene, this was shown to be active in the 
FI generation as well. When the plants were analyzed at 
the protein level, however, the peptide could not be 
unequivovally detected. Many attempts to improve 
resolution found the lowest detection limit to be around 
15 ng. An explanation for this finding could be found, as 
in chapter three, in different factors. First, this gene 
does not have the consensus sequence A A C A A T G G C  surrounding 
the initiation codons in plants (Liitcke et al., 1991) as 
the Shiva I gene, for example, does. The SB37 gene has on 
the contrary the following sequence: -4 (A=51%);
-3 (U=10%); -2(C=61%); -1 (U=7%), +4(C=8%); +5(C=77%). The
relevance of this particular characteristic has yet to be 
defined. Secondly, the SB37 gene has 6/38 codons extremely 
rare in plants, with five of them in the second half of 
the molecule. The gene for Shiva I has only 2/38. These 
factors would point out the importance of the sequence 
around the inititiation codon and also the significance of 
codon usage for the efficient expression of foreign 
proteins in plants.
A similar result has been obtained by W. Belknap 
(USDA/ARS, Albany, CA). In effect, the SB37 gene under the
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Double-CaMV35S promoter, from pLDBlO, was transferred to a 
binary vector, pCGN1547, and subsequently introduced into 
potato (Russet Burbank) plants via Agrobacterium-mediated 
transformation. Several transformants expressing high 
levels of SB-37-mRNA were obtained. However, when plants 
were analyzed at the protein level, no peptide could be 
detected in western blots. The polyclonal antibody used in 
those experiments was raised independently using a 
different SB-37 preparation as immunogen. These results 
are encouraging in that they confirm our results and they 
support even more the rational given above.
The results of the susceptibility assays are very 
intriguing. The goal of this research was to obtain 
transgenic plants that were resistant to bacterial 
diseases. Nevertheless, totally opposite results were 
obtained in testing the SB37-containing transgenic lines. 
As it stands these plants were more susceptible to P. 
solanacearum infection than the control plants since they 
started showing symptoms and wilting first. From chapter 
one a related finding appears to be relevant: at very low 
concentrations the different lytic peptides show a 
cell-proliferaive effect. This effect is expected at a 
high ratio of cells to peptide. It is tempting to
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speculate that in the root assays, a high ratio of 
inoculum to peptide takes place due to the very low levels 
of expression , if any. As a result, a cell-proliferative 
effect of the peptide on the bacteria occurs in the 
transgenic plants causing an earlier and more "pathogenic" 
action of the bacteria on the plant. Likewise, when plants 
expressing Shiva I were tested with a similar root assay, 
they showed wilting symptoms first than the controls. It 
is equally tempting to postulate that since the gene is 
not expressed in the roots but it is induced in the 
vascular tissue, as the infection proceeds "upwards" a 
systemic activation of the gene takes place in the 
vicinity of the vascular tissue which allows the plants 
eventually to "catch up" and by the end of the experiment 
clearly present less susceptibility than the control 
plants.
The in vitro data from chapter one consistently showed 
P. solanaceraum to be the bacterial plant pathogen with 
the highest LC's50 for all peptides. Most other pathogens 
are more sensitive, with LC's50 in some cases in the 
submicromolar range. The results with SB-37 in tobacco 
should not be discouraging, since the introduction of the 
SB37-gene in crops where these other types of bacteria
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cause significant crop loss, may result in an enhanced 
resistance similar to that found in the tobacco Shiva-I 
containing plants (Jaynes et al., 1991)
Recently, there has been a report of increased 
resistance to infection by P. syringae pv tabaci in 
transgenic tobacco plants (Anzai et al., 1989). In this 
study, the authors introduced a gene for a toxin-resistant 
acetyltransferase that detoxifies the phytotoxin produced 
by the bacterium resulting in enhanced plant resistance. 
This show the possibility of using other approaches to 
engineer plants for an enhanced disease resistance.
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CHAPTER THREE
INTRODUCTION OF THE ATTACIN E GENE IN 
TOBACCO AND POTATO PLANTS
INTRODUCTION
Definition
Diapausing pupae of the cecropia moth (Hyalophora 
cecropia) respond to an injection of live, non-pathogenic 
bacteria by the selective synthesis of ~15 immune 
proteins, most of them with antibacterial activity (Boman 
and Hultmark, 1981). With labeled amino acids, the immune 
proteins can be separated by SDS-PAGE electrophoresis into 
9 bands, P1-P9. One of the major immune proteins, P5, has 
been found to correspond to a new family of antibacterial 
proteins, the attacins, from the saturniid tribe attacini 
to which H. cecropia belongs (Hultmark et al., 1983).
79
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
80
Microheterogeneity
The attacins were characterized as much larger (20-23 
kDa) than the cecropins, the other antibacterial peptide 
family found in the hemolymph of H. cecropia (Hultmark et 
al., 1980). Gel filtration of immune hemolymph gave two 
peaks of bactericidal activity, "pool I" and "pool II". 
The attacins, present in pool I, were analysed by 
chromatofocusing which separated attacins A-F, with 
isoelectric points between 5.7 and 8.3. The six attacins 
were divided into two groups according to their amino acid 
composition and amino-terminal sequences, attacins A-D 
constituted a basic group and E-F an acidic one. Within 
each group the forms were very similar (Hultmark et al.,
1983). These data strongly suggested the existence of only 
two different genes. This was later supported by the 
isolation and sequencing of two attacin cDNA clones that 
showed 7 6% homology in the coding region, in contrast to 
only 3 6% in the 3' noncoding region. A comparison of the 
two protein sequences encoded in these cDNA clones showed 
a homology of 7 9% at the amino acid level (Kockum et al.,
1984). As in the case of cecropins, it seems probable that 
the two attacin genes have arisen by gene duplication 
(Boman and Hultmark, 1987).
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The question of how can two genes produce six 
different proteins has now been answered. The most likely 
mechanism constitutes terminal modification. Engstrom et 
al., (1984) sequenced one member of the acidic group, the 
F form. The authors showed that this protein species is 
derived by proteolysis from the truly native protein, 
attacin E. The F form lacks a carboxy-terminal 
tetrapeptide: Ser-Lys-Tyr-Phe. They also proposed that
this peptide may be missing from the basic C and D forms 
since the main basic attacin, B form contains the same 
C-terminal tetrapeptide. This peptide contains one 
positive charge so an incomplete proteolytic removal could 
account for two basic and two acidic attacins. Also, 
evidence was found for the presence of a pyroglutamate 
group at the N-terminal of a basic attacin (Engstrom et 
al., 1984). A partial cyclization of this pyroglutamate 
group would result in the loss of a positive charge. In 
summary, these two different types of processing could 
explain the existence of all six forms of attacins. That 
this processing is the result of a natural function or a 
purification artifact has not yet been clarified
Physical properties and Mechanism of Action
The effect of attacins on different bacteria was
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compared (Hultmark et al., 1983). Apart from E. coli, the 
only attacin-sensitive organisms were two gram-negative 
bacteria, Acinetobacter calcoaceticus and Pseudomonas 
maltophilia, both isolated from the gut of Antheraea 
pernyi. The attacins are rather heat-tolerant. About 40% 
of the antibacterial activity still remains after 1 h at 
100CC. Moreover, electrophocusing of heat-treated attacin 
E did not show change of its mobility when compared with 
the untreated form. Only a minor percentage of the protein 
was modified resulting in an extra band with a higher pi. 
An intriguing loss of bactericidal activity during the 
purification of the attacins remains unexplained. It is 
not correlated with major changes in primary strucuture. 
Furthermore, the heat-tolerance of attacins indicates that 
conformational changes are not easily introduced. One 
possibility is that the activity is associated with a 
cofactor that is eventually lost during the different 
purification steps (Hultmark et al., 1983).
A study on the mechanism of action on E. coli has 
demonstrated that both main attacins act on the outer 
membrane (Engstrom et al., 1984). Penetration through the 
outer membrane of JS-lactam antibiotics, chicken egg-white 
lysozyme and the detergent Triton X-100 was found to be
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
83
facilitated after the addition of attacin to growing 
cultures of E. coll. Also, the sensitivity of E. coll to 
cecropin B, was also found to be augmented after treatment 
with attacin. So an initial effect of attacin seems to 
affect a change in the permeability properties of the 
outer membrane. After prolonged exposure to attacin 
physical alterations in the structure of the cell envelope 
were revealed by electron microsocopy. Other effects 
observed, notably the irregular patterns of cell division, 
of the attacin could be explained as secondary effects, 
which result from the disturbance in the outer membrane 
structure. The basic attacin and attacin E affect growth 
of wild-type E. coli at concentrations >0.5 and 1.0 p.M, 
and induced lysis of cells at 4 and 8fiM, respectively. 
This is well below the concentration of the two proteins 
in the hemolymph of infected pupae, 50 and 60 ji.M, 
respectively (Engstrom et al., 1984) . At such 
concentrations the attacins are active against a variety 
of bacteria; the growth rates of cultures of Enterobacter 
c l o a c a e , Bacillus subtills, Micrococcus luteus and 
Staphylococcus aureus, were drastically reduced when the 
cultures were grown in the presence of basic attacin and 
attacin E, both at 40 JIM. Therefore, the attacins, under 
physiological conditions, are strong antibiotic proteins
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that play a critical role in the three-component defense 
system of the insect against attacking bacteria.
Other Attacins
Attacins have been found in two other moths besides 
cecropia: Antheraea pernyi and Manduca sexta (Spies et 
al., 1986). Also, a set of attacin-like proteins has been 
purified from Sarcophaga peregrina (Ando et al., 1987).
Jaynes et al., (1987), suggested that antibacterial 
proteins-encoding genes from H. cecropia could be used to 
enhance overall resistance against bacterial and fungal 
disease in transgenic plants. Accordingly, in this chapter 
an attempt to use the gene for attacin E in tobacco and 
potato plants is described. This work took place in three 
phases. First, an initiator codon had to be placed 
upstream and in phase with the attacin E sequence of a 
cDNA truncated clone. Second, constructs were made with 
the attacin E gene connected downstream from CaMV35S, 
Double-CaMV35S and PiII5' promoters and upstream to the 
NOS 3' polyadenylation signal or Pill3' to provide a plant 
3' processing sequence. Third, these constructs were 
introduced via Agrobacterium-mediated transformation into 
tobacco and potato plants.
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MATERIALS AND METHODS 
Chemicals
Attacin E and a specific antibody anti-attacin E were 
generously provided by A. Carlsson (University of 
Uppsala) . 4-Methyl-umbellyferyl li-D-glucuronide (MUG) , 
4-methyl-umbelliferone (MU) and 5-bromo-4-cloro-3-indolyl 
glucuronide (X-gluc) were from Research Organics. 
Oligonucleotides were custom-made by P&S Biochemicals.
Plasmids
Plasmid pCP521 containing an attacin E cDNA clone 
(Kockum et a l . ,  1980) was the generous gift of K.
Xanthopoulos, University of Stockholm. Plasmids pMON200 
and pMON530 were kindly provided by S. Rogers, Monsanto 
Co., (Rogers, et a l . ,  1987); pIBI76 was purchased from 
International Biotechnologies (IBI); pBI121 was a gift of 
R. Jefferson, Italy, (Jefferson et a l . ,  1987); pCa2 was 
generously provided by J. McPherson, University of British 
Columbia, (Kay et a l . ,  1987); pIGl was obtained from L. 
Willmitzer, IGF, Berlin.
Nucleic acid manipulation
DNA manipulations were performed essentially as
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described (Maniatis et al.,1982). DNA modifying enzymes 
were obtained from New England Biolabs, Boehringer or BRL 
and used according to manufacturer's specifications. 
Double-stranded dideoxy sequencing was performed using a 
USB Sequenase kit.
Plant Transformation and Regeneration
The pLDB2 and pLDB8 constructs were mobilized to 
Agrobacterium tumefaciens GV3111 (pTiB6S3SE) by the 
triparental mating procedure (Ditta et al., 1980) and the 
integrity of the cointegrate pTiB6S3SE::pLDB8 was examined 
by Southern hybridization analysis as described previously 
by Fraley et al., (1985) . The integrity of pLDB2 was 
examined by mating the agroclone back to E. coli AJB3 61 
and further analysis of the plasmid by the alkaline lysis 
method as described in Maniatis et al., (1982). Plasmids 
pLDBll and pLDB15 were transferred to A . tumefaciens 
LBA4404 (pAL4404) by the direct DNA transfer as described
by An, (1987) . Leaf discs of N. tabacum var Xanthi were 
transformed as described (Horsch et al., 1984) . Likewise, 
pLDBll was transferred to the agropine-producing 
Agrobacterium rhizogenes R1000 (pRiA4b) (Huffman et al.,
1984) and used to infect in vitro-derived potato plants 
from a new cultivar from the Philippines, tentatively
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designated 86007. Hairy-roots were excised and plantlets 
regenerated and propagated as described (Yang et al.,1989)
fi-Glucuronidase (GUS) assays
For constructs pLDBll and pLDB15, truly tobacco 
transformed plants were further selected from plants that 
were able to root in the presence of kanamycin. Root tips 
were incubated in 96-wells ELISA plates, 3-4 tips per 
well, in the presence of ImM X-Gluc, 50 mM NaP04 (pH 7.0) 
at 37°C for 4-8 hours. Blue-colored root tips indicated 
positive transgenic plants. Similarly, GUS assays were 
also performed to distinguish hairy-roots containing only 
T-DNA sequences (from the Ri plasmid, GUS negative) from 
the ones containing in addition the pLDBll construct (GUS 
positive). Fluorometric assays were carried out as 
described by Jefferson et al., (1987) in leaves of mature 
transformed tobacco plants (60-80 cm). Protein 
concentration in leaf crude extracts was determined by the 
dye-binding method of Bradford (1976) with a kit supplied 
by BioRad Labs.
Genetic analysis
Tobacco regenerants were transferred to the greenhouse 
and were allowed to self-pollinate. Seeds were
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surface-sterilized in 10% chlorox™ with traces of Tween 20 
for 20 min and washed 3 times, 5 min each, with sterile 
distilled water. Seeds were sown in petri dishes as 
described in chapter four and scoring of resistant- and 
sensitive-seedlings was performed 3-4 weeks after 
germination. Statistical analysis was carried out 
essentially as described (see chapter four, Gharti-Chhetri 
et a l . . ,  1990).
DNA extraction and Southern blotting
They were performed according to Dellaporta et a l . . ,  
(1983) and Maniatis et a l . . ,  (1982). The genome size of
tobacco and potato were taken from Bennett et a l . . ,  
(1982), 3.9 and 2.1 picogr/haploid genome respectively.
Corresponding amounts of gel-purified fragments containing 
the different cassettes were loaded in control lanes for 
reconstruction copy determinations (1 copy-5 copies).
Preparation of Protein Extracts for Western blot 
analysis
Fifty to 200 mg of leaf tissue (tobacco or potato) 
were mixed with lx (w/v) protein extraction buffer (50 mM 
Tris, pH 7.5, 5 mM DTT, 0.05% Triton X-100, 50 mM EDTA,
0.19 mg/ml PMSF), homogenized and treated according to
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Yang et al.., (1989). Eventually, leupeptin (Sigma) was
added to the extraction buffer (0.13 mg/ml). Protein 
concentration in the extracts was determined by the 
dye-binding method of Bradford (197 6) with a kit supplied 
by BioRad Labs. In the case of plants transformed with 
construct pLDB15, a wounding-like treatment was applied to 
leaves of in vitro plants as described (Johnson and Ryan, 
1990) previous to the preparation of the protein extracts. 
Briefly, leaves (3-5 cm long) were cut in small sections 
(1 cm squared), additionally wounded by crushing their 
centers between a file and a rubber stopper and floated, 
adaxial up, for 24 h. on a 3% sucrose solution or on 
water. At the termination of the experiments the tissues 
were rinsed, blotted dried and frozen until used. For 
controls, leaf tissue of untransformed plant was subject 
to the same wounding-like treatment.
Western blot analysis
Proteins were transferred to Immobilon™ membranes 
(Millipore) from SDS-Tricine polyacrylamide gels (Schagger 
and von Jagow, 1987) containing 16.5% acrylamide using a 
semi-dry transfer system (Hoefer). The transfer was 
performed according to the specifications of the 
manufacturer. The membrane was then treated essentially as
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recommended by the supplier and immunostained using a 
ProtoBlot® western blot alkaline phosphatase system 
supplied by Promega. Different dilutions of the rabbit 
anti-attacin E antibody and incubation times were 
empirically assayed. A dilution of 1/400 and a 2 
h-incubation gave the best signals. Under these conditions 
as low as 1-5 ng of purified attacin E were immunodetected 
(data not shown).
RESULTS
Plasmid pCP521 contains the complete cDNA sequence of 
the mature form of attacin E, 564 base pairs of coding 
sequence (188 codons), plus 159 bp in the 3* non-coding 
region, about 723 bp, (Fig. 3.1) in the unique PstI site 
of pBR322. Since this clone does not have an initiation 
codon it became evident that this attacin E cDNA clone had 
to be manipulated to make it suitable for the construction 
of the chimeric genes. First, an ATG initiation codon had 
to be placed immediately upstream of the first codon in 
the clone (Asp-1) . Second, it was important to trim away 
as much of the animal transcription termination signal to 
place the plant signal closer to the translation stop site.
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GACGCGCACGGAGCCCTTACGCTCAACTCCGATGGTACCTCTGGTGCTGTGGTTAAA
► AspAlaHi sGlyAlaLeuThrLeuAsnSe rAspGlyThrSe rGlyAlaVa1VaILys
10 20 
GTACCCTTTGCTGGTAACGACAAGAATATAGTAAGCGCTATCGGTTCCGTAGACTTA
► VaIProPheAlaGlyAsnAspLysAsnIleValSerAlal1eGlySerVa1AspLeu
30 40
ACTGATAGGCAGAAACTAGGCGCTGCAACCGCTGGAGTGGCACTGGATAATATAAAC
► Th rAspAr g G 1nLys LeuGlyAlaAlaTh rAlaGlyVa1AlaLe uAs pAsn11eAs n
50 60
GGTCACGGACTAAGTCTCACGGATACACACATCCCCGGGTTCGGAGACAAGATGACA
► GlyHi sGlyLeuSe rLeuThrAs pTh rHis11cP roGlyPheGlyAs pLysMe tThr
70 80
GCAGCCGGCAAAGTGAATGTCTTCCACAATGATAACCACGACATCACAGCGAAGGCT
► Al aAlaGlyLysVa1AsnValPhcHi sAsnAspAsnHi sAsp IIeThrAlaLysAla
90 100
TTCGCCACCAGAAACATGCCGGATATTGCTAATGTACCTAATTTCAACACTGTCGGT
► PheAlaThrArgAsnMe tP roAsp11eAlaAsnVaIP roAs nPheAsnThrVa1G1y
110
GGCGGAATAGACTATATGTTCAAAGATAAGATTGGTGCATCTGCGAGCGCCGCTCAC
► G 1 y G l y 1 1eAspTyrMe tPheLysAspLys11eGlyAlaSe rAlaSe rAlaAlaHi s
120 130
ACGGACTTTATCAATCGCAACGACTACTCTCTTGACGGGAAACTGAACCTCTTCAAG
► T h r A s p P h e 1 1eAs nArgAs nAspTyrSe rLeuAspGlyLysLeuAs nLeuPheLys
140 150
ACTCCTGATACCTCGATTGATTTCAACGCCGGTTTCAAGAAGTTCGATACACCTTTC
► ThrP roAspThrSerIleAspPheAsnAlaGlyPheLysLysPheAspThrP roPhe
160 170
ATGAAGTCCTCTTGGGAGCCTAACTTCGGATTCTCACTTTCTAAATATTTCTGATTA
► Me tLysSe rS e rT rpGluP roAs nPheGlyPheSe rLcuS e rLysTy rPhe
180 188 STOP
GTATTTTAATTTTAATTCTATATATATAAATTTAGATGTATATGTATATATATATAT 
TTTTTTTTTATTAATATGATATCACTAAATGTATTTACTCCTTCGATTATTATTACT 
TTTTTTGTTTAAAGAAGTCCGCCTAATAAAGATAATTTG
■  B a n ll 
O Kpnl 
□  AccI 
O Smal 
A EcoRV
■  D ra l
Fig. 3.1.- Nucleotide sequence and restriction map of the Insert in 
the attacinclone pCP521. The amino acid sequence is given below 
the nucleotide sequence. The putative polyadenylation signal 
is underlined. The numbers indicate amino acid positions for 
attacin E. Modified from Kockum et al., (1984).
i
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BanI I
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Banll
Subclone Pstl-743bp' 
fragment in pUC19 
and select clockwise 
orientation
EcoRV
PstI
Digest with Banll, 
gel-purify and ligate to 
29-mer containing Ban 
II-overhangs
M e t  |
CAGATCTAACAATGGACGCGCACGGAGCC 
tcgagtctagattgttacctgcgcgtgcc
Balll
1
Banll
BanIIB g l l l
BamHI/Bglll
tf :
EcoRVECORV
Subclone Bglll-PstI 
fragment in pUC19 for 
double-stranded 
sequencing
Fig. 3.2.- Construction of pLDB202
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Fig. 3.3.- Double stranded dideoxy sequencing 
analysis of AttE in pLDB203
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Construction of pLDB202
The first step in the construction of an initiation 
codon for the attacin E cDNA clone was the transfer of the 
PstI-723 bp fragment to pUC19 and the selection of the 
clockwise orientation so the unique Banll site of pUC19 
would be located close to the single Banll at position 11 
in the cDNA clone. The resulting plasmid was opened with 
Banll releasing a 43 bp fragment. After gel purification, 
the plasmid was ligated to a 29-mer oligonucleotide 
containing a Bglll site followed by a plant consensus 
A A C A A T G  sequence surrounding an initiation codon (Lutcke 
et al . , 1987), and the coding sequence for 
Aspl-Ala2-His3-Gly4-Ala5 with Banll overhangs (see 
Fig.3.2). Because of the nature of the Banll site the two 
overhangs were different in sequence and so there was no 
need to look for the right orientation. In order to 
confirm the resulting sequence around the initiation codon 
the B g l l l / P s t I  fragment was subcloned into 
BamHI/PstJ-pUC19 for double-stranded dideoxy sequencing 
(Fig. 3.3).
Construction of pLDB8
Computer analysis of the published attacin E sequence 
showed an EcoRV site that could be used to remove as much
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Fig. 3.5.- Southern blot of total DNA of several 
A. tumefaciens GV3111 (pTiB6S3SE::pLDB8) 
clones. One (Ig of total DNA was digested 
with BamHI, electrophoresed on a 1% agarose 
gel, blotted on Duralon® membranes and probed 
with a 640 bp labeled fragment containing 
the AttE gene. Right lane contained one 
nanogram of pLDB8 digested with BamHI. AgAtt- 
X's are independent transconjugants
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as 7 6 bp of the 3' non-coding region including the 
putative polyadenylation signal. From plasmid pLDB202, the 
attacin E was excised as a 640 bp Bglll/EcoRV fragment 
and subcloned into the Bglll/Smal sites of the binary 
vector pMON530. The resulting plasmid pLDB2 was introduced 
into Agrobacterium tumefaciens GV3111 (pTiB6S3SE) by the 
triparental mating procedure (Ditta et al., 1980). The 
integrity of the construct was examined by back mating the 
transconjugant into E. coli AJB361. Since, tobacco 
transformation in our hands worked more efficiently with 
co-integrate vectors or with binary vectors harboring both 
right and left T-DNA borders, the 4.2 kb long 
BstEII/Hindlll fragment of pLDB2, containing the chimeric 
gene CaMV35S-AttE-NOS3', was ligated to the larger (6.5 
kb) BstEII / Hindlll fragment of pMON200, resulting in 
pLDB8. The cloning flow chart is shown in Fig. 3.4. This 
plasmid was subsequently introduced into the Agrobacterium 
tumefaciens GV3111 (pTiB6S3SE) as described (Fraley et 
al., 1985) and resulted in the production of a 
co-integrate non-virulent plasmid, pTiB6S3SE::pLDB8.
Southern analysis of total DNA from A. tumefaciens
*
(pTiB6S3Se::pLDB8) revealed that the chimeric gene was 
correctly present in the T-DNA (Fig 3.5).
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Construction of pLDBll
In order to insure higher levels of expression it was 
decided to construct a chimeric attacin E gene driven by a 
derivative of the CaMV35S promoter, with transcriptional 
activity approximately tenfold higher than that of the 
natural promoter. The plasmid pCa2 (Kay et al.., 1987)
contains a tandem duplication of 250 bp of upstream 
sequences (-343 to -90::-343 to +9) cloned in pUC18
(Pstl/Xbal). There is an EcoRV site at position -90 that 
was used to construct a hybrid Double-CaMV35S-AttE-NOS3' 
recombinant construct. Accordingly, EcoRV and Hindlll 
digestion of pLDB2 released a truncated
CaMV35S(-90)-AttE-NOS3' that was subcloned into the
multipurpose cloning vector pIBI7 6 (pLDBlll). This step
provided convenient sites downstream of Hindlll which 
became useful in transferring the fragment to pCa2 to 
yield pLDB112. At this point the chimeric construct 
Double-CaMV35S-AttE-NOS3' could now be subcloned into the 
Hindlll of pBI121 to yield pLDBll (Fig. 3.6). The
orientation with all 3 genes transcribing in the same 
direction was arbitrarily selected.
Construction of pLDB15
As with SB-37, it was decided to put the attacin E
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Fig. 3.6.- Construction of pLDBll
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gene downstream of the proteinase inhibitor II (Pill) 
promoter from potato whose expression is both under 
developmental and environmental control in the potato 
plant and it is wound-inducible in transgenic tobacco 
plants (Keilet a l . ., 1989). This would put an
environmental control on the expression of the attacin E 
protein. Plasmid pIGl contains an expression cassette with 
c a . 1.55 kb 5 ’-upstream promoter fragment, PiII5',
followed by a polylinker and a 0.27 kb of 
P i l l 3 '-downstream region (L. Willmitzer, personal 
communication). The attacin E coding sequence was excised 
from pLDB202 as a Bglll/EcoRV fragment and cloned into the 
BamHI/HincII sites of the polylinker of pIGl to create a 
chimeric P i I I 5 '-AttE-PiIl3' resulting in pLDB151. 
Subsequently the chimeric gene was excised using a Hindlll 
site located 1.3 kb upstream of the transcription start 
and a second Hindlll located immediately downstream of the 
Pill3' region, and inserted into the respective site of 
pBI121 to yield pLDB15 (Fig. 3.7) . As before the 
orientation with the three genes transcribing in the same 
direction was selected. Deletion of the 0.25 kb 
EcoRI/Hindlll from upstream promoter sequences leaves 
intact the regulatory properties of the promoter (J. 
Scinchez-Serrano, personal communication) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
101
H in d i
H in d lll  P i X X S 1 P stI
H in d lllBamHI
“ nII»alXX
£
P I C 1  S m /S p R  
7 . 4  k b
Subclone AttC as 
Bglll/EcoRV in to  pIG l 
cassette
ECORV
PstI
Hindlll EeoRV/HincIIBamHI/Bglll
3RI I
bdC
P i I I 3 1
p L D B lS l
I
Subclone -2.4 kb Hindlll fragment into pBI121 and 
select for clockwise orientation with respect to 
NPTII and GUS genes to yield pLDBIS
R B  1
N P T I I Hindlll
L B
C U M V 35S
Fig. 3.7.- Construction of pLDB15
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0 2
The constructs pLDBll and pLDB15 were subsequently 
introduced into Agrobacterium tumefaciens LBA4404 
(pAL4404) and A. rhizogenes R1000 (pRiA4b) by the direct 
Agrobacterium transformation method as described by An 
(1987). The integrity of the constructs was determined by 
preparing plasmid DNA from the agrobacterial 
transformants. Attempts to use the triparental procedure 
with A. tumefaciens LBA4404 failed to produce stable 
constructs (see chapter four)
Transformation and regeneration of engineered 
plants
A g r o b a c t e r i u m  tumefa c i e n s  cells containing 
pTiB6S3SE::pLDB8, pAL4404/pLDBll and pAL4 404/pLDB15 were 
used to infect leaf discs of Nicotiana tabacum var Xanthi 
as previously described (Horsch et al., 1984). Several 
kanamycin resistant shoots were regenerated from each 
transformation. A stringent selection for transformed 
plants was made by rooting the explants in the presence of 
kanamycin. In the selection of transformed plants with 
pLDBll and pLDB15 it was very helpful to assay GUS gene 
activity in root tips. It was common to find at least one 
third of transformed plants which did not flower and/or 
set seeds resulting in lost lines. Six CaMV35S-AttE
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transformants, seven Double/CaMV35S-AttE and seven 
Pill-AttE tobacco transformants were chosen for further 
study.
A g r o b a c t e r i u m  r h i z o g e n e s  cells containing 
pRiA4 b/pLDB11 and pRiA4b/pLDB15 were used to transform in 
vitro-derived potato plants of cultivar 86007 as described 
(Yang et al. ., 1989). Hairy roots formed within several 
weeks and were cut into 4-6 cm long sections and 
transferred to propagation media. GUS activity assays were 
per’formed as for root tips (tobacco) . About one half of 
the hairy roots showed GUS activity and were subsequently 
transferred to regeneration media. Each hairy root 
regenerated numerous shoots which were removed and 
propagated by single-node cuttings. Several Ca2Att-X's and 
WAtt-X's clones were obtained but only two Ca2Att clones, 
77-2 and 77-4 were selected for DNA and western analysis. 
These clones showed the typical aberrant phenotype of 
plants containing T-DNA from A. rhizogenes (Sinkar et al., 
1988) .
fi-Glucuronidase (GUS) assays
In plants transformed with pLDBll and pLDB15, GUS 
activity was determined in the leaves of primary 
transformants by the fluorogenic assay (Jefferson et al..,
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1987) and in the root-tips of Fl-seedlings (clones 
Ca2Att-6 and WAtt-6) that had been scored as 
kanamycin-resistant in the segregation test. No such a 
seedling was ever found negative for GUS activity. Table 
3.1 summarizes the GUS specific activities in leaves of 
the same age and length of tobacco plants transformed with 
pLDBll and pLDB15.
DNA analysis
To verify that no significant rearrangements of the 
transforming DNA had occurred, Southern blot analysis was 
conducted as shown in Figures 3.8-3.11. DNA purified from 
leaves of kanamycin-resistant plants, transformed with 
pLDB8, was digested with BamHI, separated by agarose gel 
electrophoresis, and blotted to Duralon membranes. 
Hybridization analysis was performed using labeled AttE 
probe (640 bp gel-purified fragment). Figure 3.8 shows an 
autoradiogram of gel blot hybridization of DNA of a 
representative sample of the kanamycin-resistant plants. 
Digestion with BamHI should release a single internal 
fragment ca.2.57 kb from the T-DNA containing 
NOS5'-NPTII-NOS3' and CaMV35S-AttE-NOS3': All the clones 
analyzed in the blot showed more than one band suggesting 
multiple T-DNA insertions. Two clones, Att-A and Att-X,
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Table 3.1. GUS specific activities of 
Ca2Att-X's and WAtt-X's clones
Clone pmole 4-MU/min/mg protein
Ca2Att-l 406
Ca2Att-4 1728
Ca2Att-6 8692
Ca2Att-12 826
Ca2Att-15 4311
Ca2Att-28 196
WAtt-1 3227
WAtt-2 404
WAtt-3 15421
WAtt-6 14405
WAtt-8 5649
Untransformed 58
The values are the average of two determinations 
of the same leaf sample performed both in the 
same day.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
106
Fig.
<  m  u i o : x  tsj o
i  i  1 • i  < . t
1 2 3 4 5  6 7 8 9
#
. >*
m
3.8.- Southern blot of genomic DNA of several
tobacco plants transformed with pLDB8. Ten (ig of 
total DNA were digested with BamHI, electrophoresed 
on a 1% agarose gel, blotted on Duralon® membranes 
and probed with a 640 bp labeled fragmecontaining 
the AttE gene. On lanes 8-9 reconstruction copies, 
1 and 5, were loaded (pLDB8 digested with BamHI)
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do not exhibit the 2.57 kb BamHI fragment indicating that 
all their T-DNA's have suffered rearrangements. The other 
four clones show at least one intact copy of the BamHI 
fragment containing the chimeric attacin E gene. No 
hybridization to the probe was detected in DNA from 
nontransformed tobacco under the hybridization conditions 
used. Clones B, E, R and Z were selected for protein blot 
analysis.
Figure 3.9 shows an autoradiogram of gel blot 
hybridization of DNA of six tobacco kanamycin-resistant 
plants transformed with pLDBll. These six clones had 
significant GUS specific activity. Digestion of the DNA's 
with Hindlll released a single T-DNA internal fragment, 
ca. 1.6 kb, containing the Double-CaMV35S-AttE-NOS3' 
chimeric gene. The intensities of the signal is assumed to 
correlate with the number of copies inserted in the genome 
(see table 3.2) . All but one clone showed the correct 
unrearranged Hindlll fragment. Clone Ca2Att28 did not 
hybridize to the probe (1.6 kb fragment from pLDB112) 
indicating a partial T-DNA loss since it segregated the 
kanamycin resistance gene and showed a moderate GUS 
activity. All clones but #28 were selected for further 
anlysis.
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Southern analysis of two potato clones, 77-2 and 77-4, 
transformed with A. rhizogenes harboring pRiA4b/pLDBll, is 
shown in Fig. 3.10. DNA derived from these clones was 
digested with Hindlll, blotted and probed with the ca. 1.6 
kb probe from pLDB112. Digestion with Hindlll released a 
fragment of the expected size. A close observation of the 
blot reveals similar band patterns in both clones 
indicating that they might be siblings. From the 
reconstruction copy lanes, it may be concluded that the 
copy number of intact inserts is surely more than one 
since the reconstruction for one copy is barely seen on 
the blot. A similar blot but this time probed with the 
GUS encoding sequence (1.8 kb fragment Hindi II/EcoRI) 
showed the presence of larger bands, ca. 8 kb and higher, 
that would correspond to Hindlll fragments containing 
CaMV35S-GUS-NOS- plant DNA. The different sizes would 
correspond to different Hindlll sites located downstream 
from the cassette, indicating the presence of different 
independent T-DNA insertions (data not shown).
Results of Southern hybridization, with a ca. 2.4 kb 
fragment from pLDB151 (containing the expression cassette 
PiII5'-AttE-PiII3') of DNAs isolated from tobacco plants 
transformed with pLDB15 is shown in Fig. 3.11. DNA's
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Fig. 3.9.- Southern blot of total DNA of several
tobacco plants transformed with pLDBll. Ten (i.g of 
total DNA were digested with Hindlll, electro- 
phoresed on a 1% agarose gel, blotted on Duralon® 
membranes and probed with a 640 bp labeled fragment 
containing the AttE gene. On lanes 8 the equivalent 
of one copy of the Hindlll fragment per genome was 
loaded
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Fig. 3.10.- Southern blot of total DNA of two
potato plants transformed with pLDBll. Ten (ig of 
total DNA were digested with Hindlll, electro- 
phoresed on a 1% agarose gel, blotted on Duralon® 
membranes and probed with a 640 bp labeled fragment 
containing the AttE gene. On lanes 3 and 4 the 
equivalent of one and two copies of the Hindlll 
fragment per genome were loaded.
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digested with Hindlll released a fragment of the expected 
size only in two clones: WAtt-6 and WAtt-8. However, extra 
bands of different sizes were present in all four clones, 
indicating both rearrangements and multiple insertions. 
Accordingly, only clones WAtt-6 and WAtt-8 were selected 
for western analysis.
Gene copy number determinations
The number of loci conferring kanamycin resistance was 
determined by scoring selfed progeny as described in 
Materials and methods. The ratios obtained are shown in 
Table 3.2. The most probable number of loci was estimated 
by chi-square probability values. Southern blots of 
genomic DNA (see above) were used to determine the copy 
number of the internal fragments, hence the copy number of 
T-DNAs inserted upon transformation, in the primary 
transformants.
Western blot analysis
Extracts of selected transformants were subjected to 
western blot analysis as described in Materials and 
Methods. Numerous attempts were made to determine 
expression at the protein level but all failed. Under the 
established conditions low amounts of attacin E (1-5 ng)
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were detected. Samples were loaded up to 100 |lg so any 
expression level lower than 0.001-0.005% was not 
detectable. A cross-reacting band of about 30kDa was 
always present in all tobacco plants, control or 
transformed, but absent in potato plants.
DISCUSSION
In this chapter the use of Agrobacterium-mediated 
transformation to introduce the Attacin E gene from 
Hyalophora cecropia in tobacco and potato plants is 
described. Thirteen transgenic plants were thoroughly 
analyzed for expression of the gene at the protein level 
with negative results. A very strong band, around 30 kDa, 
showed up in all tobacco plants, control and transformed 
plants, indicating the presence of a cross-reacting 
protein. The signal was more quickly detected than the 
positive controls. The significance of this source of 
background remains unclear.
From Table 3.2 it follows that the eleven tobacco 
clones analyzed for expression showed segregation of the 
Kanamycin resistance gene. Likewise, clones containing 
pLDBll and pLDB15 constructs, exhibited GUS activity
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Fig. 3.11.- Southern blot of total DNA of several
tobacco plants transformed with pLDB15. Ten 
|lg of total DNA were digested with Hindlll, 
electrophoresed on a 1% agarose gel, blotted 
on Duralon® membranes and probed with a 640 
bp labeled fragment containing the AttE 
gene. On lanes 6-8 the equivalent of 1-5 
copies of the Hindlll fragment per genome 
were loaded.
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Table 3.2. Gene number estimates and segregation 
ratios with chi-square probabilities (P) of 
Attacin-loci number hypotheses for pLDB8, 
 pLDBll and pLDB15 plants _____________________
Plant FI
Obs
ratio (R:S) 
Expec P
Loci N°@ Gene N°*
Att-A 68:28 3:1 0.68 1 >1
Att-B 90:39 3:1 1.61 1 >1
Att-E 69:30 3:1 1.42 1 >2
Att-R 86:10 15:1 <0.01 2 >2
Att-X 96: 7 15:1 <0.01 2 >3
Att-Z 95: 4 15:1 0.49 2 >3
Ca2Att-l 135:9 15:1 0.03 2 1
Ca2Att-4 170:6 15:1 1.96 2 2
Ca2Att-6 122:40 3:1 <0.01 1 2
Ca2Att-12 142:6 3:1 0.87 1 1
Ca2Att-15 156:3 3:1 <0.01 1 >2
Ca2Att-28 137:1 63:1 <0.01 -
WAtt-1 135:1 63:1 0.19 1 2
WAtt-2 84:39 2:1 0.08 1 NA
WAtt-3 116:31 3:1 1.00 2
WAtt-6 59:7 15:1 1.46 1 3
WAtt-8 97:42 2:1 0.47 1 3
NA - not determined 
6 Conclusions from chi-square test 
* Determined by Southern blot analysis
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although with different levels (Table 3.1) representing 
possible position effects (see chapter IV for a more 
detailed discussion). Moreover, at least in two cases, 
Ca2Att-6 and WAtt-6, quick GUS assays of sterile FI 
seedlings root-tips were positive demonstrating that the 
GUS gene had segregated into the FI progeny and that it 
was functionally active. Southern analyses confirmed in 
all these clones the presence of unrearranged fragments 
containing the different expression cassettes. In summary, 
the absence of detectable levels of expression can not be 
accounted for the use of escapes or improperly selected 
plants.
The posible reasons have to be looked upon somewhere 
else. Recently Perlak et al., (1991), have postulated that 
a gene with a sequence adapted for expression in a 
gram-positive bacteria may not have the appropriate coding 
sequence for efficient plant expression: presence of
codons rarely used in plants (Murray et al., 1989), 
different G+C content, localized regions of A+T richness 
resembling plant introns, etc. Thus, extremely low 
expression levels (<0.001% of total soluble protein) of 
insect control proteins from Bacillus thuringlensls in 
transgenic tobacco plants has been reported (Barton et
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al., 1987). The use of different promoters, fusion 
proteins, and leader sequences has not significantly 
increased insect control protein gene expression (Vaeck et 
al., 1987; Fischhoff et al., 1987).
Perlak et al., (1991) have reported that modification 
of the coding sequence of the crylA(b) gene from Bacillus 
thuringiensis var. kurstaki, resulted in increased levels 
of expression, 10-fold (for a partially modified, PM, 
form) to 100-fold higher (fully modified form, FM) 
compared with the wild-type form of the gene in transgenic 
tobacco and tomato plants. The modified genes increased 
the frequency of plants that produced the proteins at 
quantities sufficient to be able to affect even the least 
sensitive insect to this protein. For example, from a 
total of 200 (kanamycin resistant) tomato transformed 
plants containing the wild type form of the gene, only 53 
(26%) showed insect control as assayed by an extremely 
sensitive insect bioassay (25 pg per 50 |lg of total 
protein, Fuchs et al., 1990) and in only 3 plants the 
levels were detectable by western blots analysis (1 ng per 
50 )lg of total protein) . Tomato plants expressing the PM 
form showed an increase in the percentage (40 out of 63 
plants, 63%) of insecticidal plants, with the majority
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25/40 falling in the range of 1- to 10-ng/50 fig of total 
protein level and a small percentage, 2/25, in the lower 
end of the 10- to 30-ng range. For tomato plants harboring 
the FM form, almost a similar percentage, 32/55, 58% had 
insecticidal activity, but a substantial percentage of 
plants, 10/29, 34%, had expression levels of 30-100 ng. 
The increased levels of crylA(b)-mRNA were not directly 
proportional to the increased levels of CrylA(b) protein 
in plants transformed with the modified genes indicating 
that the nucleotide sequence of these genes had an effect 
in improving their translational efficiency in plants. In 
another system, Hoekema et al., (1987), the replacement of 
the 25 most preferred codons by minor codons in the 5' end 
of the highly expressed yeast gene PGK1 resulted in a 
decreased level of both protein and mRNA. Along the same 
lines, Vancanney et al., (1990), have demostrated that the 
translatability of a plant-mRNA strongly influences its 
accumulation in transgenic plants.
Recently, Gunne et al., (1990), isolated a full length 
cDNA clone corresponding to basic attacin, 223-residue 
preproprotein, and introduced it in the baculovirus 
Autographa callfornlca nuclear polyhedrosis virus 
dowstream of the polyhedrin promoter and expressed in
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Spodoptera frugiperda (Sf9) cells. The authors found an 
expression level unusually lower than those previously 
reported for the system, about 1 mg/1 and a high degre of 
intra- and extra-cellular degradation. The authors also 
recorded circular dichroism spectra for attacin to obatin 
information on the overall structure of the protein. The 
spectrum in dilute phosphate buffer was interpreted as 
reflecting largely random-coil structures. The shape of 
the spectrum did not change when the attacin concentration 
was varied over 1.7-170 JIM. From the mean residue 
ellipticity at 222 nm the helical content was estimated at 
11%. An induction to a much helical content, 47%, was 
recorded when 1,1,1,3,3,3,-hexafluoro-2-propanol was added 
to a final concentration of 14%. A rationalization of the 
degradation observed and the lower yield obtained in the 
system was based on this mostly random-structure of 
attacin in solution making it more susceptible to 
proteases.
From the above, it can be concluded that many factors 
are important for the efficient expression, at the protein 
level, of foreign proteins in heterologous systems, in 
this case tobacco and potato plants. In this chapter the 
introduction of the mature attacin E gene resulting in
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nondetectable levels of expression at the protein level is 
described. It can be argued that the attacin E gene 
adapted for the insect was not appropriate for the plant. 
Indeed, a close inspection of the coding sequence reveals 
the presence of 21 codons rarely used in plants with two 
thirds of these, 14/21, clustered in the first 50 
aminoacids of the sequence. Also, as it was reported by 
Perlak et al., (1991) as many as 200 independent 
transformed tomato plants had to be screened to find only 
3 with detectable levels of the wild type form of the 
insect control protein. In this work the number of clones 
analyzed is rather low, 13 clones divided, for tobacco, in 
two groups of 5 (CaMV35S- and Double35S-driven 
constructs), and one of 2 (PiII5' promoter). For potato a 
single group of 2 clones (most likely one, see below) was 
screened. Undoubtedly a larger number of screened plants 
would have been advisable for each construct.
Potato clones, 77-2 and 77-4, showed the same pattern 
of bands in southern blots. This could be explained as 
both lines were regenerated from the same hairy root line 
which is supposed to represent s single transformation 
event. However, when other similar shoots from the same 
line were analyzed both at the DNA level and GUS activity,
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there were many differences (data not shown) . Some shoot 
lines lost their GUS activity and others had 
rearrangements in their T-DNA's. The significance of this 
variation awaits further study.
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CHAPTER FOUR
EXPRESSION OF CHICKEN EGG-WHITE LYSOZYME 
IN TRANSGENIC TOBACCO PLANTS
INTRODUCTION
Chicken egg white lysozyme, (1,4-fi-N-acetylmuramidase; 
EC 3.2.1.17), CEWL, is an historically important enzyme, 
being among the first to be sequenced (Jolles et al., 
1963; Canfield, 1963), the first for which a 
three-dimensional model was suggested using X-ray 
crystallography (Blake et al., 1965), and the first for 
which a detailed mechanism of action was proposed 
(Phillips, 1966) . In the same way many evolutionary or 
immunological or physicochemical studies have been 
performed with lysozyme as a model compound (Jolles and 
Jolles, 1984 and references therein)
Definition
Lysozymes are defined as 1,4-fl-N-acetylmuramidases
121
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cleaving the glycosidic bond between the C-l of 
N-acetylmuramic acid (MurNAc) and the C-4 of 
N-acetylglucosamine (GlcNAc) in the bacterial 
peptidoglycan (Phillips, 1966). Some lysozymes, including 
CEWL, also display a more or less pronounced chitinase (EC 
3.2.1.14) activity corresponding to a random hydrolysis of 
1, 4-IS-N-acetylglucosamine linkages in chitin (Osserman et 
al., 1974 and references therein).
A minor esterase activity in CEWL was reported by 
Piszkiewicz and Brince (1968). The authors found that 
CEWL catalyzes the hydrolysis of 6 carboxylic esters in an 
apparently bimolecular reaction. The esterase activity 
toward such esters as p-nitrophenylacetate was described 
to be dependent on the presence of histidine-15: indeed 
carboxymethylation of this residue was claimed to lead to 
the loss of the esterase activity (Piszkiewicz and Brince, 
1968; Oliver and Stadtman, 1983) . However, Joll6s and 
Jolles (1983) found that histidine-less lysozymes, duck 
lysozyme II and goose lysozyme, possess also a weak and 
most likely non-specific esterase activity. Thus the loss 
of CEWL's esterase activity after carboxymethylation might 
not be due to a modification of the unique histidine 
residue but probably to other modifications which may have
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been overlooked (Jolles and Jolles, 1983).
Distribution
Lysozymes are widespread in nature and have been 
characterized from phage, bacteria, fungi, plants and 
animals (Jollds and Jolles, 1984 and references therein). 
The most intensively studied are those from avian egg 
white. The lysozymes can be divided into several distinct 
families on the basis of structural, catalytic and
immunological criteria. Within a given family, all
lysozymes have amino acid sequences that are clearly 
homologous. For three of these families, namely 
chicken-type lysozyme, c-type, phage-type lysozyme and 
goose-type lysozyme, g-type, the three-dimensional
structure of one or more representatives have been 
determined (Blake et al., 1965; Matthews and Remington, 
1974; Grvitter et al., 1983). Although the amino acid 
sequences of these three families have little, if any, 
correspondence, their 3-dimensional configurations have 
similarities, suggesting that these three families 
diverged from a common, although distant, evolutionary 
ancestor (Griitter et al., 1983). Indeed, the dissimilarity 
of the amino acid sequence of the three lysozymes, CEW, 
goose and phage T4, allows to speculate on the
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evolutionary time since their divergence. According to 
Wilson et. al. (1977), c-type lysozymes have undergone a 
1% change every 2.5 million years. In the absence of a 
detectable homology, it is assumed that the three 
sequences have changed relative to each other by at least 
99%: thus the estimated time since the divergence of the 
three lysozymes is at least 1.2 x 109 years, very likely 
before the evolution of the first eukaryotes (1.3-1.9 x 10 
years ago) (Dobzhansky et al., 1977)
Insect Lysozymes
The first lysozyme purified from insect hemolymph was 
the one from Galleria mellonella (Powning and Davidson, 
197 6). Lysozymes have also been characterized in the gut 
and in the hemocytes of several insects (Eoman and 
Hultmark, 1987 and references therein). Hemolymph from 
both immunized Hyalophora cecropia larvae and pupae 
contains an induced lysozyme activity several-fold higher 
than that of nonimmunized larvae. Pupae is deficient of 
that activity. The complete amino acid sequence of this 
enzyme has been worked out and a cDNA clone containing the 
cecropia lysozyme information was isolated and sequenced 
(Engstrom et al. 1985). This protein is composed of 120 
amino acids with a molecular weight of 13.8 kd and shows
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great similarity to vertebrate lysozymes of the chicken 
type. The amino acids residues responsible for the 
catalytic activity and for the binding of the substrate 
are essentially conserved. A comparison of the CEW and 
cecropia lysozymes shows a 40% identity at both the amino 
acid and the nucleotide level. The cecropia lysozyme is 
bactericidal only to a few gram positive bacteria such as 
Bacillus megaterium and Micrococcus luteus (Hultmark et 
al., 1980). A mere function in the removing of the murein 
sacculus that is left after the action of cecropins and 
attacins has been proposed (Boman and Hultmark, 1987).
Plant Lysozymes
Lysozyme and/or chitinase ( poly [1,4-N-acetyl-J3-D- 
glucosaminide] glycanohydrolase, EC 3.2.1.14) activities 
have been detected in several plants (Howard and Glazer, 
1967; Glazer et al., 1969; Bernasconi et al., 1987; Lynn, 
1989, Martin, 1991) . They are generally thought to be 
implicated in the defense against bacteria or fungi 
because they are often barely detectable in healthy plants 
but are induced as much as 30-fold by ethylene or various 
abiotic stress (Boiler et al., 1983; Mauch et al.,1988). 
Likewise, a substrate for lysozymes/chitinases is not 
known to be present in the plant; rather the peptidoglycan
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component of bacterial cell walls or the chitin component 
of fungal cells is thought to serve as a substrate. In a 
few plants lysozymes/chitinases induced by stress may 
represent as much as 1 to 2% of the total soluble protein 
in tissues such as leaves. In contrast, chitinases and 
lysozymes/chitinases represent more than 20% of the total 
soluble protein in the latex of Hevea brasiliensis which 
have not knowingly been subjected to stress. Similarly, 
high levels of these enzymes have been found in the 
laticifers of numerous other latex-containing plants 
(Martin and Gaynor, 1988; Martin, 1991) .
The generalization has been made that animals contain 
lysozymes with low associated chitinase activity or no 
chitinase activity and plants contain chitinases with low 
associated lysozyme activities (Jollds et al., 1974). The 
basic endochitinases from P. vulgaris and P. sativum 
(Boiler et al., 1983; Mauch et al., 1988), which effect 
less than 25 to 50% hydrolysis of bacterial cell walls, 
are examples of the plant chitinases with low levels of 
lysozyme activity. However, three classes of 
lysozymes/chitinases have been isolated from the latex of 
H. brasiliensls: (a) Those having chitinase activity but
lacking lysozyme activity; (b) Those behaving as "typical"
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plant chitinases with low lysozyme activity; and (c) those 
having both high chitinase activity and very high lysozyme 
activity. In short, the ratio lysozyme (units/mg)/ 
chitinase (nkat/mg) for CEWL is ca. 160,000 and the ratios 
found in the latex of H. brasiliensis ranged from 0 to ca.
12,000 (Martin, 1991). Proteins with high lysozyme
activity have also been reported in Parthenocissus 
quinquifolia (Bernasconi et al., 1987) and in the latex of 
both a Ficus species and Carica papaya (Howard and Glazer, 
1969; Martin, 1988) . Indeed, the specific activity of 1 |lg 
of purified lysozyme of P. quiniquifolia (Mr = 30.3 kDA) 
has been reportedly to correspond to 17 \ig of purified 
chicken egg white lysozyme (Mr = 14.3 kDa) (Bernasconi et 
al., 1987).
Chichen egg white lysozyme gene
The chicken egg-white lysozyme is synthesized as
prelysozyme (147 aas) and subsequently secreted as mature 
lysozyme (129 aas, Mr = 14,314), the 18 amino acid signal 
peptide being removed in the process (Palmiter et al., 
1977). Both the cDNA (Sippel et al., 1978; Baldacci et 
al., 1979) and the genomic DNA (Lindenmaier et al., 1979; 
Baldacci et al., 1981) corresponding to the lysozyme 
coding region have been cloned and the cDNA and
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intron-exon junctions of the gene have been sequenced 
(Jung et al., 1980). Figure 4.1 shows the complete cDNA 
sequence for the CEWL. The mRNA has a relatively short 5' 
non-coding region of 29 nucleotides, nts, with some bases 
complementary to the 3' end of 18S RNA. The presumptive 
ribosomal binding site could include 5 G.C base pairs. The 
UGA (opal) translational stop codon is followed by a 3' 
non-coding region of 113 nts. The polyadenylation site is 
slightly modified into the sequence A-U-U-A-A-A-. The 
coding sequence of 441 nts (147 codons) include the codons 
for 18 aas that comprise the higly hydrophobic signal 
peptide of prelysozyme.
Expression of CEWL gene in yeast
The CEWL gene has been successfully expressed in 
Sacharomyces cerevisiae (Oberto and Davison, 1985). In 
effect, an efficient yeast promoter was isolated using a 
JJ-galactosidase (J5-Gal) promoter probe vector. This 
promoter was then used to express enzymatically active 
CEWL in yeast using a complete intron-free lysozyme-coding 
sequence constructed by in vitro recombination between a 
cDNA clone lacking the 5' end and the corresponding 5' end 
from a nuclear DNA clone. The resulting lysozyme was 
efficiently exported into the growth medium suggesting
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that the chicken signal sequence was recognized by the 
yeast secretion process. The lysozyme comprised about 1.5% 
of the yeast protein and two thirds of this was present in 
the growth medium. Further isolation and characterization 
of the yeast-produced lysozyme confirmed that the yeast 
secretion system was able to correctely remove the 18 
amino acid leader sequence from the prelysozyme (J. 
ObertO/ personal communication).
Destefano et al., (1990a,b) and Jaynes et al., (1991) 
(see also chapter I) have reported an in vitro synergistic 
bactericidal effect of CEWL when assayed in the presence 
of SB-37 or Shiva-1 against a series of phytopathological 
bacteria. The authors suggested the notion that combining 
several antimicrobial genes into one cultivar may render 
the plant more resistant to pathogen attack. This chapter 
describes the construction of transgenic plants able to 
efficiently express chicken egg white lysozyme. This work 
took place in three phases. First, a complete 5'- 
noncoding / 3'-polyadenylation signal-free lysozyme-coding 
sequence had to be constructed. Second, the lysozyme gene 
was connected to the CaMV35S and Double-CaMV35S promoters 
such that the first AUG codon on the hybrid mRNAs 
corresponds to the natural initiator codon of the lysozyme
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gene, and to the NOS 3' polyadenylation signal to provide 
a plant 3' processing sequence. Third, the constructs were 
introduced via A. tumefaciens-mediated transformation into 
tobacco plants.
MATERIALS AND METHODS 
Chemicals
Chicken egg white lysozyme for use as a standard was 
purchased from Sigma. Monoclonal antibody HyHEL-5 was a 
generous gift from S. Smith-Hill (National Institutes of 
Health). 4-Methyl-umbellyferyl fi-D-glucuronide (MUG), 
4-methyl-umbelliferone (MU) and 5-bromo-4-cloro-3-indolyl 
glucuronide (X-gluc) were from Research Organics.
Plasmids
Plasmid plysl023 containing a CEW cDNA clone (Jung et 
al., 1980) was the generous gift of G. Schiitz (University 
of Cologne) . Plasmids pMON200 and pMON530 were kindly 
provided by S. Rogers (Monsanto, Co). Plasmids pIBI20 and 
pIBI7 6 were purchased from IBI Labs. Plasmid pBI121 was a 
gift of R. Jefferson (Trieste, Italy) and pCa2 was 
generously provided by J. McPherson (British Columbia).
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Nucleic acid manipulation
DNA manipulations were performed essentially as 
described (Maniatis et al., 1982). Enzymes were obtained 
from New England Biolabs, Boehringer or BRL and used 
according to manufacturer's specifications .
Plant Transformation and Regeneration
The pLDB3 and pLDB9 constructs were mobilized to 
Agrobacterium tumefaciens GV3111 (pTiB6S3SE) by the 
triparental mating procedure (Ditta et al., 1980) and the 
integrity of the cointegrate pTiB6S3SE::pLDB9 was examined 
by Southern hibridization analysis as described previously 
by Fraley et al., (1985). The integrity of pLDB3 was 
examined by mating the agroclone back to E. coli AJB361 
and further analysis of the plasmid by the alkaline lysis 
method as described in Maniatis et al., (1982). Finally, 
pLDB12 was transferred to A. tumefaciens LBA4404 (pAL4404) 
by the direct DNA transfer as described by An, (1987) . 
Leaf discs of N. tabacum var. Xanthi were transformed as 
described (Horsch et al., 1984) and transformed plants 
were selected on MS medium (Murashige and Skoog, 1962) 
containing 300 jig/ml kanamycin, 500 |ig/ml claforan™, 1 
|lg/ml benzyl aminopurine, 0.2 Jig/ml naphtyl acetic acid 
and 0.8% agar and incubated at 25aC, 3000 lux. Shoots were
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transferred/ for a second round of selection, to 
hormone-free medium, containing 250flg/ml claforan™ and 
100 |lg/ml kanamycin.
fi-Glucuronidase (GUS) assays
For construct pLDB12, truly transformed plants were 
further selected from plants that were able to root in the 
presence of kanamycin. To avoid escapes, root tips were 
incubated in 96-wells ELISA plates, 3-4 tips per well, in 
the presence of ImM X-Gluc, 50 mM NaP04 (pH 7.0) at 37oc 
for 4-8 hours. Plates were covered with Saran wrap to 
prevent evaporation. Blue-colored root tips indicated 
positive transgenic plants. Fluorometric assays were 
carried out as described by Jefferson et al., (1987). 
4-methyl-umbelliferone fluorescence was measured in a DNA 
Fluorometer TKO 100 instrument with excitation at 3 65nm 
and emission at 455 nm. Protein concentrations in leaves 
crude extracts were determined by the dye-binding method 
of Bradford (1976) with a kit supplied by BioRad Labs.
Segregation test
Primary transformants were allowed to self-pollinate. 
Seeds were surface-sterilized in 10% chlorox™ with traces 
of Tween 20 for 20 min and washed 3 times, 5 min each,
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with sterile distilled water. Seeds were sown in petri 
dishes containing MS minimal medium supplemented with 30 
g/1 sucrose and 0.8% agar, containing 100 mg/1 kanamycin. 
After about three to four weeks, seedlings with the first 
true leaves were scored as kanamycin resistant. Under 
these conditions at least 95% of the seedlings germinated 
in each progeny sampled. On average 100-250 seedlings were 
scored per independent transformant. A chi-square test was 
used to analyze the segregation ratios. Category 
assignment of segregants was based on the decision to 
reject an hypothesis at the 5% risk (P<0.05).
DNA isolation and analysis
Total DNA from young leaves of greenhouse grown plants 
and from in vitro seedlings was isolated essentially as 
described by Dellaporta et al., (1983). DNA concentrations 
in the minipreps were determined by measuring the 
fluorescence enhancement of Hoechst 33258 dye in a DNA 
Fluoremeter TKO 100 instrument as described by the 
manufacturer (Hoefer). Southern hybridizations were 
performed as described (Maniatis et al., 1982), using 
gel-purified, random primed DNA fragments spanning the 
CEWL gene.
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Preparation of Tobacco tissue for Western blot 
analysis
Several young, expanding leaves, 4-5 cm in length were 
harvested from greenhouse grown plants of similar age. 
Fifty to 200 mg tissue was mixed with lx (w/v) protein 
extraction buffer (50 mM Tris, pH 7.5, 5 mM DTT, 0.05%
Triton X-100, 50 mM EDTA, 0.19 mg/ml PMSF) and homogenized 
according to Yang et al., (1989). Insoluble material was 
pelleted by centrifugation at 10,000 g for 30 min. Protein 
concentration in the extracts were determined by the 
dye-binding method of Bradford (1976) with a kit supplied 
by BioRad Labs.
Western blot analysis
Proteins were transferred to Immobilon™ (Millipore) 
membranes (Bauw et al., 1988) from SDS-Tricine 
polyacrylamide gels (Schagger and von Jagow, 1987) 
containing 16.5% acrylamide. The membrane was then 
incubated 30 min in 1-5% BSA in Tris-buffered saline 
(lOmM, pH 8.0; 150 mM NaCl;0.05% Tween-20; TBST), rinsed 
in TBST, then treated with 2-5 Hg of HyHEL-5, (Smith-Gill 
et al., 1982) for 1-4 h. After several 30-min washes with 
TBST, the membrane was incubated for one hour in 
anti-mouse antibody coupled to Alkaline Phosphatase
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(Promega), diluted 1/4000 in 1% BSA in TBST), washed 
several more times in TBST. Alkaline phosphatase was 
detected according to Blake et al., (1984). Under these 
conditions as low as 5-10 ng of CEWL standard were 
detected (data not shown)
RESULTS
Construction of pLDB303
Plasmid plysl023 contains the complete cDNA sequence 
of CEWL: the 441 base pairs, bp, coding sequence (147 
codons), plus 29 bp, in the 5' non-coding region and 113 
bp in the 3' non-coding region, about 590 bp, in the 
unique PstI site of pBR322. It became evident that this 
CEWL cDNA clone had to manipulated to make it suitable for 
the construction of the chimeric genes. First, as many 
base pairs as possible had to be removed to place the ATG 
initiation codon immediately downstream of the plant 
promoter. Second, it was important to trim away as much 
of the animal transcription termination signal to place 
the plant signal closer to the translation stop site.
Computer analysis of the published sequence showed a
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AGTCCCGCTGTGTGTACGACACTGGCAACATGAGGTCTTTGCTAATCTTG
► M e t A r g S e r L e u L e u I 1 eLeu 
-18
GTGCTTTGCTTCCTGCCCCTGGCTGCTCTGGGGAAAGTCTTTGGACGATG 
► V a l L e u C y t P h e L e u P r o L e u A l * A 1 a L e u G l y L y s V a l P h e G l y A r g C y  
-10 -1 1 
TGAGCTGGCAGCGGCTATGAAGCGTCACGGACTTGATAACTATCGGGGAT
► s G l u L e u A l  aAl aAl a M e t L y s A r g H i  i G l y L e u A t p A s n T y r A r g G I y T
10 20 
ACAGCCTGGGAAACTGGGTGTGTGTTGCAAAATTCGAGAGTAACTTCAAC 
► y r S e r L e u G l y A s n T r p V a l C y i V a l A l a L y a P h e G l u S e r A i n P h e A s n
30
ACCCAGGCTACAAACCGTAACACCGATGGGAGTACCGACTACGGAATCCT
► Th r G 1n A l a T h r A s n A r g A s n T h r A s p G l y S e r T h r A s p T y r G l y l 1 eLe
40 50
ACAGATCAACAGCCGCTGGTGGTGCAACGATGGCAGGACCCCAGGCTCCA 
► u G l n l l e A s n S e i A r g T r p T r p C y s A s n A s p G l y A r g T h r P T o G l y S e i A  
60 70
GGAACCTGTGCAACATCCCGTGCTCAGCCCTGCTGAGCTCAGACATAACA 
► r g A s n L e u C y s A s n l l e P r o C y s S e r A l a L e u L e u S e r S e r A s p I l e T h r
80
GCGAGCGTGAACTGCGCGAAGAAGATCGTCAGCGATGGAAACGGCATGAG
► A l a S e r V a l A s n C y s A l a L y s L y s I 1 e V a l S e r A s p G l y A s n G l y M e  t S e
90 100
CGCGTGGGTCGCCTGGCGCAACCGCTGCAAGGGTACCGACGTCCAGGCGT 
► r A l a T r p V a l A l a T r p A r g A s n A r g C y s L y s G l y T h r A s p V a l G l n A l a T  
110 120
GGATCAGAGGCTGCCGGCTGTGAGGAGCTGCCGCACCCGGCCCGCCCGCT 
► r p l 1 e A r g G l y C y s A r g L e u
129 STOP
GCACAGCCGGCCGCTTTGCGAGCGCGACGCTACCCGCTTGGCAGTTTTAA
ACGCATCCCTCATTAAAACGACTATACGCAAACGCC
? t t w  w
□  Dr.I g 0
■  Kpnl H — H
O  Hill 
• Sicl
Fig. 4.1.- Nuclootlde sequence and restriction map of the CEWL 
Insert in the plysl023. The amino acid sequence is 
given below the nucleotide sequence. The putative 
polyadenylation signal is underlined. The numbers 
indicate amino acid positions for CEWL. Modified 
from Jung et al., (1980).
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Fig 4.2.- Construction of pLDB303
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Mnll site that could be used to remove most of the 5 ’ 
non-coding region leaving only 5 bp upstream of the ATG 
codon. Also? a Dral site could be used to trim 38 bp of 
the 3' non-coding region including the putative 
polyadenylation signal. However, the presence of two extra 
Mnll sites upstream of the stop codon (see Fig. 4.1) would 
prevent any one-step strategy without interrupting the 
CEWL coding sequence. A fourth Mnll site downstream of 
Dral would not interfere. Accordingly, a cloning strategy 
was designed and consisted of subc-lonig the first half of 
the CWEL gene as a M n l l  / Sacl 315bp-f ragment in a 
multipurpose cloning vector, pIBl76. This vector provided 
two restriction sites immediately upstream of the 
Smal/Mnll joint: HincII and BamHI. The second half of the 
CWEL-gene was subcloned as a Sacl/Dral 209-fragment in 
another multipurpose cloning vector, pIBI20. This vector 
provided a convenient Xhol site immediately downstream of 
the Dral/HincII joint. The next step was to couple the 
first half of the CEWL gene, a now convenient HincII/Sacl 
fragment, into the the second half based in pIBI20 to 
result in pLDB303. This simple strategy reconstituted the 
entire coding sequence with 5 bp upstream of the ATG codon 
and 75 bp downstream of the stop codon with BamHI and Xhol 
conveniently located for further manipulation (Fig. 4.2).
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Construction of pLDB9
The addition of B a m H I  and Xhol, upstream and 
downstream respectively, of the CWEL coding sequence 
facilitated the subsequent construction of the plant 
expression vector pLDB9. The CEWL gene fragment could now 
be inserted into the Bglll/Xhol sites of the binary vector 
pMON530. The resulting plasmid pLDB3 was introduced into 
Agrobacterium tumefaciens GV3111 (pTiB6S3SE) by the 
triparental mating procedure (Fraley et al., 1985). The 
integrity of the construct was examined by back mating the 
transconjugant into E. coll AJB361. Since, tobacco 
transformation in our hands worked more efficiently with 
co-integrate vectors or with binary vectors harboring both 
right and left T-DNA borders, the 4.1 kb long 
BstEII/Hindlll fragment of pLDB3, containing the chimeric 
gene CaMV35S-CEWL-NOS3', was ligated to the larger (6.5 
kb) BstEII/ Hindlll fragment of pMON200, resulting in 
pLDB9. The cloning flow chart is shown in Fig. 4.3. This 
plasmid was subsequently introduced into the Agrobacterium 
tumefaciens GV3111 (pTiB6S3SE) as described (Fraley et 
al., 1985) and resulted in the production of a 
co-integrate non-virulent plasmid, pTiB6S3SE::pLDB9. 
Southern analysis of total DNA from A. tumefaciens 
(pTiB6S3SE::pLDB9) revealed that the chimeric gene was
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Figure 4.3- Construction of pLDBO
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Fig 4.4.- Southern blot of total DNA of several A. 
tumefaciens GV3111 ( pTiB6S3SE::pLDB9 ) clones.
One |ig of DNA was digested with BamHI, electro- 
phoresed on a 1% agarose gel, blotted to Duralon® 
membranes and probed with a 550 bp fragment from 
pLDB303. Right lane contains one nanogram of pLDB9 
digested with BamHI. AgChly-X's are independent 
transconjugants.
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correctly present in the T-DNA (Fig 4.4).
Construction of pLDB12
In order to insure higher levels of expression it was 
decided to construct a chimeric CEWL gene driven by a 
variant of the CaMV35S with transcriptional activity 
approximately tenfold higher than that of the natural 
promoter. The plasmid pCa2 (Kay et al., 1987)contains a 
tandem duplication of 250 bp of upstream sequences (-343 
to -90::-343 to +9) cloned in pUC18 (Pstl/Xbal) . There is 
an EcoRV site at position -90 that was used to construct a 
hybrid Double-CaMV35S-CEWL-NOS3’ recombinant construct. 
Accordingly, EcoRV and Hindlll digestion of pLDB3 freed a 
truncated CaMV35S(-90)-CEWL-NOS3' that was subcloned into 
the multipurpose cloning vector pIBI76. This step provided 
convenient sites downstream of Hindlll which became useful 
in transferring the fragment to pCa2. At this point the 
chimeric construct Double-CaMV35S-CEWL-NOS3' could now be 
subcloned into the Hindlll of pBI121 to yield pLDB12 (Fig. 
4.5). The orientation with all 3 genes transcribing in the 
same direction was arbitrarily selected. The construct was 
subsequently introduced into Agrobacterium tumefaciens 
LBA4404 (pAL4404) by the direct A g r o b a c t e r i u m
transformation method as described by An (1987). The
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Fig. 4.5.- Construction of pLDB12
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integrity of the construct was determined by preparing 
plasmid DNA from the agrobacterial transformants. Out of 
10 different clones examined no rearrangement in the 
construct was found. However, an attempt to mobilize the 
construct by the triparental mating procedure (Ditta et 
al., 1980; Fraley et al., 1985) resulted in a highly 
unusual rate of rearrangements (5 out of 5) . The reason 
for this stays unclear but it is tempting to speculate 
that the particular array of the three genes and the 
presence of three NOS3' and two CaMV35S promoters (one of 
them with duplicated sequences) favored the appearance of 
these rearrangements. Similar results have been reported 
when binary vectors are introduced via triparental mating 
(G. An personal communication, An, et al., 1988).
Transformation and regeneration of engineered 
plants
Agrobacterium cells containing pTiB6S3SE::pLDB9 or 
pAL4 404/pLDB12 were used to infect leaf discs of Nicotiana 
tabacum var, Xanthi as previously described (Horsch et 
al;. 1984). Several kanamycin resistant shoots were 
regenerated from each transformation. A stringent 
selection for transformed plants was made by rooting the 
explants in the presence of kanamycin. In the selection of
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transformed plants with pLDB12 it was very helpful to 
assay GUS gene activity in root tips. It was common to 
find transformed plants that did not flower and/or set 
seeds resulting in lost lines. Eleven CaMV35S-CEWL 
transformants (Chly-X's) and six Double-CaMV35S-CEWL 
transformants (Ca2Chly-X's) were chosen for further study.
fi-Glucuronidase (GUS) assays
In plants transformed with pLDB12, GUS activity was 
determined in the leaves of primary transformants by the 
fluorogenic assay (Jefferson et al., 1987) and in the 
root-tips of Fl-seedlings (clones Ca2Chly-3 and -6) that 
had been scored as kanamycin-resistant in the segregation 
test. No such a seedling was ever found negative for GUS 
activity suggesting that the GUS gene was being 
transmitted to the progeny and co-segregating with the 
NPTII gene. Table 4.1. summarizes the GUS specific 
activities in leaves of the same age and length of plants 
transformed with pLDB12. Accordingly, at this point, only 
2 Ca2Chly clones were selected for further DNA and Western 
analysis.
DNA analysis
To verify that no significant rearrangements of the
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Table 4.1. GUS specific activities of 
Ca2Chly-X's clones
Clone pmole 4-MU/min/mg protein
Ca2Chly-2 45
Ca2CHly-3 2963
Ca2Chly-4 59
Ca2Chly-6 2044
Ca2Chly-8 69
Ca2Chly-10 79
Untransformed 65
The values are the average of two determinations 
of the same leaf sample performed both In the 
same day.
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transforming DNA has occurred, Southern blot analysis was 
conducted as shown in Figures 4.6 and 4.7. DNA purified 
from leaves of kanamycin-resistant plants, transformed 
with pLDB9, was digested with BamHI, separated by agarose 
gel electrophoresis, and blotted to Duralon membranes. 
Hybridization analysis was performed using labeled cDNA 
probe (590 bp gel-purified fragment). Figure 4.6 shows an 
autoradiogram of gel blot hybridization of DNA of a 
representative sample of the kanamycin-resistant plants. 
Digestion with BamHI released a single internal fragment 
of T-DNA, ca. 2.5 kb, consisting of the N0S5'-NPTII-N0S3' 
and the CaMV35S-CEWL-NOS3' (clones 6, 10, A, Z); in other 
cases the presence of extra bands indicated that an extra 
copy of the T-DNA had rearranged (clones 9, 14, 21, 2 6, 
27) . DNA from one kanamycin-resistant plant, clone 22, 
showed two bands but none of the correct size suggesting 
that a major rearrangement (s) of the T-DNA took place in 
that plant. Clone-Z DNA did not hybridize to the probe 
indicating a partial loss of T-DNA sequences since it 
segregated the NPTII gene (see below). No hybridization to 
the probe was detected in DNA from nontransformed tobacco 
under the hybridization conditions used. Clones 6, 10, A 
and Z, the only ones with single-copy insertions, were 
selected for western analysis.
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Fig 4.6.- Southern blot of tobacco plants transformed 
with pLDB9. Ten pg of genomic DNA were digested 
with BamHI, electrophoresed, blotted and probed 
with a 550 bp fragment containing the CEWL gene 
from pLDB303. Lanes 13 and 14 contain one and 
two reconstructed copies of the internal fragment 
from pLDB9.
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Fig 4.7.- Southern blot of tobacco plants transformed 
with pLDB12. Ten Jig of genomic DNA were digested 
with Hindlll, electrophoresed, blotted and probed 
with a 550 bp fragment containing the CEWL gene 
from pLDB303. Lanes 7-8 contain DNA from clones 
Ca2Chly-3 annd -6 and lane 9 contains one recon­
struction copy of the 1.5 kb fragment from LDB12. 
Lane 10 contains a purified 550 bp CEWL fragment. 
Lanes 3-5 contain DNAs from plants transformed 
with pLDB9 and digested with BamHI and lane 1 is 
one reconstruction copy for the 2.47 kb fragment 
from pLDB9. Lane 5 has DNA from untransformed 
plant
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Figure 4.7 shows an autoradiogram of gel blot 
hybridization of DNA of two kanamycin-resistant plants 
transformed with pLDB12. These two clones, Ca2Chly-3 and 
Ca2Chly-6, had the highest GUS specific activity. 
Digestion of the DNA with Hindlll released a single T-DNA 
internal fragment, ca.1.5 kb, containing the 
Double-CaMV35S-CEWL-NOS3' chimeric gene. In the same blot 
a replicate analysis of clones 22 and 9 was performed with 
similar and much more cleaner results than those obtained 
in Fig. 4.6.
Gene copy number determinations
The number of loci conferring kanamycin resistance was 
determined by scoring selfed progeny as described in 
Materials and methods. The ratios obtained are shown in 
Table 4.2. The most probable number of loci was estimated 
by chi-square probability values. Southern blots of 
genomic DNA (see above) were used to determine the copy 
number of the internal fragments hence the copy number of 
T-DNAs inserted upon transformation in the primary 
transformants.
Western blot analysis
Extracts of selected transformants were subjected to
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Table 4.2. Gene number estimates and segregation 
ratios with chi-square probabilities (P) of 
CEWL loci number hypotheses for pLDB9- and 
pLDB12-transformed plants
Plant FI
Obs
ratio (R:S) 
Expec
Loci
P
NB0 Gene Nfi*
Chly-A 80:31 3:1 0.92 1 1
Chly-Z 77:33 3:1 1.21 1 1
Chly-X 81:27 3:1 0.01 1 -
Chly-6 78:28 3:1 0.04 1 1
Chly-9 80:30 3:1 0.19 1 >1
Chly-10 87:24 3:1 0.51 1 1
Chly-14 110:9 15:1 0.15 2 >1
Chly-21 116:8 15:1 0.01 2 >1
Chly-22 80:27 3:1 0.01 1 >1
Chly-26 103:36 3:1 0.02 1 >2
Chly-27 91:30 3:1 0.01 1 >1
Ca2Chly-2 91:27 3:1 0.09 1 ND
Ca2Chly-3 160:42 3:1 1.69 1 1
Ca2Chly-4 155:55 3:1 0.10 1 ND
Ca2Chly-6 186:15 15:1 0.32 2 1
Ca2Chly-8 160-43 3:1 1.38 1 ND
Ca2Chly-10 164-62 3:1 0.59 1 ND
ND - not determined 
6 Conclusions from chi-square test 
* Determined by Southern blot analysis
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Fig. 4.0.- Protein gel blot of total tobacco leaf proteins 
with anti-CEWL monoclonal antibody. One hundred 
|ig of total leaf proteins were loaded per lane. 
Control is a nontransformed tobacco plant. Lanes 
2-4 are clones Chly-Z, Chly-6 and Chly-10. Lanes 
5-6 are Ca2Chly-3 and Ca2Chly-6. Lanes 7-0 contain 
100, 200, and 400 ngr of purified CEWL
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western blot analysis (Fig. 4.9) as described in Materials 
and Methods. The CEWL from transformed plants migrated the 
same as purified CEWL (Sigma) making impossible to 
speculate as to the nature of the CWEL expressed in the 
tobacco plants (premature vs. mature). According to the 
intensity of the bands when compared to the standards, and 
to the amount of protein loaded, 100 jig, an approximate 
level of expression of 0.3 to 0.4% of the total protein is 
calculated. All of the transformed plants studied 
expressed the CEWL protein although with different levels 
of expression. The ones showed in the western blot (Fig. 
4.9) were the progeny of those with the highest levels and 
which consistenly gave positive signals. Other clones gave 
lower levels and sometimes inconsistent signals. Under the 
conditions described in Materials and Methods very low 
levels of CEWL were detected.
DISCUSSION
In this chapter the use of Agrobacterium-mediated 
transformation to introduce the CEWL gene in tobacco 
plants is described. Transgenic plants expressed the CEWL 
gene at the protein level as determined by binding of an
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anti-CEWL monoclonal antibody to protein gel blots. 
Expression levels varied from transformant to transformant 
reaching at their best, 0.3-0.4% of total leaf protein. 
Since only single-copy insertions were analyzed most 
likely those represent the result of position effects. 
Indeed, this variation in the levels of expression of a 
particular construct seems to be a general phenomenon and 
has been systematically studied in transgenic Petunia 
(Jones et al., 1985). In this study, it was described a 
greater than 200-fold variation in the expression of the 
octopine synthase gene when fused to a light-harvesting 
chlorophyll a/b binding protein promoter. Moreover, when 
the expression of this chimeric gene was compared with 
that of the NOS-NPTII gene fusion contained in the same 
T-DNA, there was a great deal of variation in different 
transformants. The reason for this is still unclear and 
can not be accounted for by different copy numbers. 
Generally, it is thought that the variation is due to 
local environment into which the foreign DNA is inserted 
and this has come to be known as "position effect" 
(Walden, R., 1989).
From Table 4.2 it follows that clone Ca2Chly-6, 
according to the segregation data, has 2 unlinked CEWL
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loci. However, from the southern blot analysis it shows 
only one copy of the internal Hindlll fragment when 
hybridized to a CEWL specific probe. This apparent 
conflicting result could be explained if it is assumed 
that a partial T-DNA loss took place some time during the 
regeneration process or development of this particular 
transgenic line. Apparently, this is not an uncommon event 
for clone Chly-X presented no positive signal for the 
internal BamHI band containing the chimeric CEWL but in 
the segregation test showed a single-insert segregation 
pattern, 3:1, for the Km resistance gene. Likewise, six 
clones Ca2Chly-X's, were selected because their root tips 
were able to show positive GUS activity. Later, however, 
when the fluorogenic GUS test was performed on 
leaf-extracts of the mature plants (60-80 cm), four showed 
an activity as low as the background level present in 
untransformed plants. Unfortunately, no southern blots 
analysis were made on the DNA of these four lines so the 
possibility of spontaneous loss of GUS sequences during 
development or silencing of the gene due to methylation 
(Hepburn, et al., 1983; Gelvin et al., 1983; Amasino et 
al., 1984) can not be discriminated at this point. An 
earlier loss of these sequences and a positive GUS signal 
in the root tips due to Agrobacterium contamination is
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discarded since the explants were cultivated in the 
presence of claforan™, an antibiotic known to suppress 
Agrobacterium growth and no bacterial presence was 
observed when the explants were transferred to 
antibiotic-free medium.
The expected higher expression, on average, of 
construct pLDB12 could not be evaluated fully since only 
two single-copy transformants were analyzed. Several more 
transformants harboring single-copy insertions would have 
been necessary to establish the higher strength of this 
promoter (Kay et al., 1987). In general, an analysis of at 
least 10 to 15 independent single-copy-carrying transgenic 
lines has been suggested (Walden, 1989).
The expression of CEWL, at the protein level, does not 
imply the correct recognition and processing of its signal 
sequence. However, an apparently correct processing of 
CEWL has been reported in yeast (Oberto and Davison, 1985; 
J. Oberto, personal communication). Other examples of 
correct processing and secretion of plant and animal 
proteins by yeast have been described (Hitzeman et al., 
1983; Rothstein et al., 1984; Edens et al., 1984). On the 
other hand, mixed results have been reported in transgenic
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tobacco plants where heterologous plant signal sequences 
are correctly recognized but, in at least two cases, 
animal (insect and human) signal sequences are only 
partially processed (Denecke et al., 1990, Hoekema et al., 
1990). Unequivocally proof of correct processing of CEWL 
in tobacco plants will suppose both its purification from 
crude leaf extracts and the determination of its amino 
terminal sequence by microsequencing. A recently method 
for the determination of amino terminal sequences of 
proteins directly electroblotted onto polyvinylidene 
fluoride (PVDF) membranes from Tricine-SDS gels would be 
instrumental to this endeavor (Ploug et al., 1989). 
However, relative high amount of sample would be needed, 
100-200 pmoles (1.5-3.0jig) of protein which for a 0.4% 
abundance and 50-80% transfer yields would mean sample 
loading of about 400 to 600 (ig. A previous enrichment of 
CEWL in the sample by, for example, ion-exchange 
chromatography, will suffice.
The expression of CEWL in transgenic tobacco plants 
makes possible now to test the possibility that plants 
containing both CWEL and Shiva I would show a higher 
resistance to P. solanacearum than those expressing only 
the peptide (Jaynes et al., 1991) In order to do this,
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homozygous lines for these two genes should be obtained so 
unlimited amount of plants expressing both genes can be 
generated by simple crossing, avoiding this way, 
time-consuming selection (Southern and western analysis) 
if FI x Fl crossings is used to obtain plants for testing.
The use of other lysozymes genes might prove 
resourceful. The lysozyme of Parthenocissus quinqui folia 
has been reported to have a high lysozyme and chitinase 
activity (Bernasconi, et al., 1987). Indeed, 1 \ig of the 
purified enzyme (30.3 kDa) is said to correspond to 17 p.g 
of purified CEWL (14.4 kDa). Also, this enzyme shows a 
higher chitinase activity than CEWL. According to this 
report, it would be very interesting to see if this 
protein will behave in similar way as CEWL when assayed iri 
the presence of SB-37 or Shiva I. Eventually, the 
isolation of the cDNA clone for this enzyme and its 
introduction, via Agrobacterium-mediated transformation, 
in tobacco plants would follow. The constitutive 
expression of a chitinase, CaMV35S-driven, has been 
reported to confer increased protection against 
Rhizotocnia solani transgenic tobacco plants (Broglie et 
al., 1990). An enzyme with high lysozyme and chitinase 
activity expressed in a constitutive manner together with
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a lytic peptide, Shiva I (Jaynes et al., 1991), in plants 
might be instrumental in obtaining protection against 
bacteria and fungi attack.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
SUMMARY AMD PERSPECTIVES
Jaynes et al in 1987 proposed the idea of using
antibacterial genes from insects to enhance bacterial 
disease resistance in plants. Using recombinant DNA 
techniques and plant biotechnology, the cDNA genes for SB- 
37 and attacin E, components of the humoral defense 
response in Hyalophora cecropia and chicken egg white 
lysozyme were introduced into the genome of tobacco and 
potato plants under the control of three different 
promoters. The differences between SB-37 and Cecropin B 
are minimal and for all purposes the former could be 
considered as the natural cecropin B. The introduction of 
these genes in tobacco plants have each a different 
result. Thus, the gene for Att E does not seem to be 
expressing the gene at the protein level. The factors 
which may be influencing this are discussed in chapter 
three. On the other hand, protein blot analysis showed 
that plants containing T-DNA's with the CEWL gene are 
expressing the protein. It is not clear if the protein is 
being properly processed, but previous successful results
160
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in yeast (Oberto and Davison, 1985) would indicate that 
plants may be able to recognize the prelysozyme signal.
Tobacco plants containing the SB-37 gene, under the 
control of CaMV35S promoter, have been challenged to P. 
solanacearum using root inoculation assays (experiments 
carried out by T. Deeny of the Univ. of Georgia) . 
Interestingly, these plants exhibited an earlier 
appearance of symptoms, i.e. these plants were more 
sensitive to infection than control tobacco plants are. 
This effect is explained (see chapter two for details) 
assuming that very low levels of the peptide are causing a 
proliferative effect in the bacteria (see also chapter 
one) .
Plans for future studies should consider many factors 
when synthetic genes are to be used. Sequences should be 
rich in codons highly used by plants (Murray et al., 
1989). When genes encoding peptides with very strong lytic 
activities are considered for introduction in plants, it 
would be advisable to modulate their expression . Thus, in 
the case of potato it would be more interesting to assure 
expression in leaves than in tubers.
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When this dissertation is being written, W. Belknap 
(personal communication) is reporting that potato plants 
expressing SB-37 seem to be resistant to infection by E. 
carotovora. The significance of this report still has to 
be evaluated and confirmed with more field tests. The 
extreme malleability of peptide design portends many new 
avenues of research (chapter one) and eventually genes 
encoding new peptides will be used to experiment their 
role in confering disease resistance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LITERATURE CITED
Abel, P.P., Nelson, R.S., DE, B., Hoffmann, N., 
Rogers, S.6., Fraley, R.T., Beachy, R.N. (1986) . 
Delay of disease development in transgenic plants that 
express the tobacco mosaic virus coat protein gene. 
Science 232:738-743.
Amasino, R.M., Powell, A.L.G., Gordon, M.P. (1984). 
Changes in T-DNA methylation and expression are 
associated with phenotypic variation and plant 
regeneration in a crown gall tumor line. Mol. Gen. 
Genet. 197:437-442
An, G. (1987) .Binary Ti vectors for plant 
transformation and promoter analysis. Methods in 
Enzymology 153:292-305.
An, G., Ebert, P.R., Mitra, A., Ha, S.B. (1988). 
Binary vectors. In Plant Molecular Biology Manual. 
S.B. Gelvin, R.A. Schilperoort, eds. A3:1-9.
Andreu, D., Merrifield, R.B., Steiner, H., Boman,
H.G. (1985) . N-terminal analogues of cecropin A: 
synthesis, antibacterial activity, and conformational 
properties. Biochemistry 24:1683-1688.
Ando, K., Okada, M., Natori, S. (1987) . Purification 
of Sarcotoxin II, antibacterial proteins from 
Sarcophaga peregrina (flesh fly) larvae. Biochemistry 
26:226-230.
Anzai, H., Yoneyama, K., Yamaguchi, I. (1989) . 
Transgenic tobacco resistant to a bacterial disease by 
the detoxification of a pathogenic toxin. Mol Gen 
Genet 219:492-494
163
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
164
Baldacci, P., Royal, A., Br6geg6re, F., Abastado, 
J.P., Cami, B., Daniel, F., Kourilsky, P. (1981) . 
DNA organization in the chicken lysozyme gene region. 
Nucl. Acids Res. 9:3575-3588.
Baldacci, P., Royal, A., Cami, B., Perrin, F., 
Krust, A., Garapin, A., Kourilsky, P. (1979) .
Isolation of the lysozyme gene of chicken. Nucl. Acids 
Res. 6:2667—2681.
Barany, G., Merrifield, R.B. (1979). P e p t i d e s r 
Analysis, Synthesis and Biology. New York: Academic Press 
Vol 2:3-332.
Barton, K.A., Whiteley, H.R., Yang, N.S. (1987). 
Bacillus thuringiensis 3-endotoxin expressed in transgenic 
Nicotiana tabacum provides resistance to lepidopteran 
insects. Plant Phys. 85:1103-1109.
Bauw, G., Van den Bulcke, M., Van Damme, J., 
Puype, M., Van Montagu, M., Vandekerckhove, J.
(1988). Protein electroblotting on polybase-coated glass 
fiber and polyvinylidene difluoride membranes: An
evaluation. J. Protein Chem. 7:194-196.
Bennet, M.D., Smith, J.B., Heslop-Harrison, J.S.
(1982). Nuclear DNA amounts in angiosperms. Proc. R. 
Soc. London B.216:179-199.
Bernasconi, P., Locher, R., Pilet, P.E., Joll6s, 
J., Jollds, P. (1987). Purification and N-terminal 
amino acid sequence of a basic lysozyme from 
Parthenocissus quinquifolia. Biochim Biphys. Acta. 
916:254-260.
Bessalle, R., Kapitkovsky, A., Gorea, A., Shalit,
I., Fridkin, M. (1990). All D-magainin: chirality,
antimicrobial activity and proteolytic resistance. 
FEBS Lett. 274:151-155.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
165
Bevins, C.L., Zasloff, M. (1990). Peptides from frog 
skin. Annu. Rev. Biochem. 59:395-414
Blake, C.C.F., Koenig, D.F., Mair, G.A., North, 
A.C.T., Phillips, D.C., Sarma, V.R. (1965).
Structure of Hen egg white lysozyme. N a t u r e  
206:757-761.
Blake, M.S., Johnston, K.H., P.usell-Jones, G.J.,
Gotschlich, B.C. (1984). A rapid, sensitive method 
for detection of alkaline phosphatase-conjugated 
anti-antibody on western blots. Anal Biochem. 
136:175-179.
Boiler, T., Gehri, A., Mauch, F., Vogeli, U. (1983). 
Chitinase in bean leaves: induction by ethylene,
purification, properties, and possible function. 
Planta 157:22-31.
Bonan, H.G., Antibacterial peptides: key components
needed in immunity. Cell 65:205-207
Boman, H.G., Boman, A., Andreu, D., Li, Z.,
Merrifield, R.B., Schlenstedt, G., Zimmermann,
R. (1990) Chemical synthesis and enzymic processing
of precursor forms of Cecropins A and B. J. Bio.
Chem. 264:5852-5860.
Boman, H.G., Hultmark, D. (1981). Cell-free immunity 
in insects. Trends Biochem. Sci. 6:306-309.
Boman, H.G., Hultmark, D. (1987). Cell-free immunity 
in insects. Ann. Rev. Microbiol. 41:103-12 6.
Boman, H.G., Hade, D., Boman, I. A., W&hlin, B., 
Merrifield, R.B. (1989). Antibacterial and 
antimalarial properties of peptides that are 
cecropin-melittin hybrids. FEBS Lett. 259:103-106.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
166
Bradford, M. (197 6)• A rapid and sensitive method for 
the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding. Anal. 
Biochem. 72:248-254.
Broglie, R., Broglie, K., Holliday, M., Chet, I.
(1990) . Chitinase expression in transgenic tobacco 
plants: Increased protection against a soil-borne
fungal pathogen. Abstract R108. Journal of Cellular 
Biochemistry, Supl4E:276.
Burges, H.D., ed (1981). Microbial Control of Pests and 
Plant Diseases 1970-1980. London/New York: Academic 
Press 949 pp.
Canfield, R.E. (1963). The amino acid sequence of egg 
white lysozyme. J. Biol. Chem. 238:2698-2707.
Casteels, P., Ampe, C., Jacobs, F., Vaeck, M., 
Tempst, P. (1989). Apidaecins: antibacterial peptides 
from honeybees. EMBO J. 8: 2387-2391.
Chen, C.H., Brown, J.H., Morell, J. Huang, C.M.
(1988). Synthetic magainin analoges with improved 
antimicrobial activity. FEBS Lett. 236:462-466.
Chen, Y.H., Yang, J.T.(1971). A new approach to the 
calculation of secondary structures of globular 
proteins by optical rotatory dispersion and circular 
dichroism. Biochem. Biophys. Res. Commun.44:1285-1291.
Christensen, B., Fink, J., Merrifield, R.B., 
Mauzerall, D. (1988). Channel-forming properties of 
cecropins and related model compounds incorporated 
into planar lipid membranes. Proc. Natl. Acad. Sci. 
USA. 85:5072-5076.
Collinge, D.B., Slusarenko, A.J. (1987). Plant gene 
expression in response to pathogens. Plant Mol. Biol. 
9:389-410
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
167
Cuervo, J.H., Rodriguez, B., Houghten, R.A. (1988). 
The Magainins: sequence factors relevant to increased 
antimicrobial activity and decreased hemolytic 
activity. Peptide Res. 1:81-86.
DeGrado, W.F., K6zdy, F.J., Kaiser, E.T. (1981). 
Design, synthesis and characterization of a cytotoxic 
peptide with mellitin-like activity. <7. Am Chem Soc. 
103:679-681.
Dellaporta, S.L., Hood, J., Hicks, J.B. (1983). A 
plant DNA minipreparation: version II. Plant Mol.
Biol. Rep. 1:19-21.
Denecke, J., Botterman, J. Deblaere, R. (1990). 
Protein secretion in plant cells can occur via a 
default pathway. Plant Cell 2:51-59.
Dest6£ano-Beltr&n, L., Nagpala, P.G., Cetiner, S., 
Dodds, J.H., Jaynes, J.M. (1990a). Enhancing 
bacterial and fungal disease in plants: Application to 
potato. In M.E. Vayda, W.D. Park, eds, The Molecular 
and Cellular biology of the Potato. C.A.B. 
International, Wallingford pp 205-221.
Dest6fano-Beltr&n, L.J.C. ,Cetiner, S., Denny, T., 
Clark, C., Dodds, J.H., Jaynes, J.M. (1990b). The 
introduction into plants of genes which encode some of 
the natural components of the humoral immune response 
of Hyalophora cecropia (abstract R308).Journal of 
Cellular Biochemistry, Supl4E:316.
Ditta,G., Stanfield, S., Corbin, D., Helinski,
D.R. (1980). Broad host range cloning system for gram 
negative bacteria: construction of a gene bank of
Rhizobiurn m e l i l o t i . Proc. Natl. Acad. USA 
77 :7347-7351.
Dobzhansky, T., Ayala. F.J., Stebbins, G.L., 
Valentine, J.W. (1977). Evolution. W.H. Freeman and 
Co., San Francisco.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
168
Edens, L., Bom, I., Ledeboer, A.M., Maat, J., 
Toonen, M.Y., Visser, C., Verrips, C.T. (1984). 
Synthesis and processing of the plant protein 
thaumatin in yeast. Cell 37:629-633.
Engstrdm, A., Engstrom, P., Tao, Z., Carlsson, A., 
Bennich, H. (1984). Insect immunity. The primary 
structure of the antibacterial protein attacin F and 
its relation to two native attacins from Hyalophora 
cecropia. EMBO J. 3:2065-2070.
Engstr&m, A., Xanthopoulos, K.G., Boman, H.G.,
Bennich, H. (1985) . Amino acid and cDNA sequences of 
lysozyme from Hyalophora cecropia. EMBO J. 
3:2065-2060.
Engstrdm, P., Carlsson, A., Engstrdm, A., Tao, Z., 
Bennich, H. (1984). The antibacterial effect of 
attacins from the silk moth Hyalophora cecropia is 
directed against the outer membrane of Escherichia 
coli. EMBO J. 3:3347-3351.
Fields, G.B., Noble, R.L. (1990). Solid phase peptide 
synthesis utilizing 9-fluorenylmethoxycarbonyl amino 
acids Int. J. Peptide Protein Res. 35:161-214.
Fink, J., Boman, A., Boman, H.G., Merrifield, R.B.
(1989) . Design, synthesis and antibacterial activity 
of ceccropin-like model peptides. Int. J. Peptide 
Protein Res. 33:412-421.
Fischhoff, D.A., Bowdish, K.S., Perlak, F.J., 
Marrone, P.G., McCormick, S.M., Niedermeyer, 
J.G., Dean, D.A., Kusano-Xtretzmer, K., Mayer,
E.J., Rochester, D.E., Rogers, S.G., Fraley, 
R.T. (1987). Insect tolerant tomato plants. 
Bio/Technology 5:807-813.
Fraley, R.T., Rogers, S.G., Horsch, R.B.,
Eichholtz, D.A.,Flick, J.S., Fink, C.L.,
Hoffmann, N.L., Sanders, P.R. (1985). The SEV
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
169
System: A new disarmed Ti plasmid vector system for 
plant transformation. Bio/Technology 3, 629-635.
Fuchs, R.L., Macintosh, S.C., Dean, D.A., 
Greenplate, J.T., Perlak, F.J., Pershing, J.C., 
Marrone, P.G., Fischhoff, D .A . (1990) .
Quantification of Bacillus thuringiensis insect 
control protein as expressed in transgenic plants. In 
Analytical Chemistry of Bacilllus thuringiensis, ACS, 
Washigton D.C.
Gabriel, O. (1971). Analytical disc gel electrophoresis. 
Methods Enzymol. 22:565-578.
Gelvin, S.B., Karcher, S.J., DiRita, D.J. (1983). 
Methylation of the T-DNA in Agrobacterium tumefaciens 
and in several crown gall tumors. Nucl. Acids Res. 
11:159-171.
Gharti-Chhetri, G.B., Cherdshewasart, W., Dewulf,
J., Paszkowski, J., Jacobs, M., Negrutiu, I.
(1990). Hybrid genes in the analysis of transformation 
conditions. 3. Temporal/spatial fate of NPTII gene 
integration, its inheritance and factors affecting 
these processes in Nicotiana plumbaginifolia. Plant 
Mol. Biol. 14:687-696.
Glazer, A.N., Barel, A.O., Howard, J.B., Brown,
D.M. (1969). Isolation and characterization of fig 
lysozyme. J. Biol. Chem. 244:3583-3589.
G6tz, P., Boman, H.G. (1981). Interactions between 
insect immunity and an insect-pathogenic nematode with 
symbiotic bacteria. Proc. R. Soc. London Ser. B 
212:333-350.
Grunstdrm, T., Feuke, W.M., Wintzerith, M., 
Mathes, H.W., Staud, A., Chambon, P. (1985) . 
Oligonucleotide-directed mutagenesis by microscale 
"shot-gun" gene synthesis. Nucleic Acid Res. 
13:3305-3316.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
170
Griitfcer, H.G., Weaver, L.B., Hat tews, B.W. (1983). 
Goose lysozyme: an evolutionary link between hen and 
bacteriophage lysozymes? Nature 303: 828-831.
Gunne, H., Hellers, M., Steiner, H. (1990). Structure 
of preproattacin and its processing in insect cells 
infected with a recombinant baculovirus. Eur. J. 
Biochem. 187:699-703.
Habernann, E. (1972). Bee and wasp venoms. Science 
177:314-322.
Hepburn, A.G., Clarke, L.E., Pearson, L., White, J.
(1983) . The role of cytosine methylation in the 
control of nopaline synthase gene expression in a 
plant tumor. J. Mol. Appl. Genet. 2:315-322.
Hitzeman, R.A., Leung, D.W., Perry, L.J., Khor, 
W.J., Levine, H.L., Goeddel, D.V. (1983). 
Secretion of human interferons by yeast. Science 
219:620-625.
Hoekema, A., Dekker, B.M., Schrammeijer, B.,
Verwoerd, T.C., van de Elzen, J.M., Sijmons, 
P.C. (1990). Production of correctly processed Human 
Serum Albumin in transgenic plants. Abstract R414. 
Journal of Cellular Biochemistry, Supl4E:333.
Hoekema, A., Kastelein, R.A., Vasse, M., De Boer,
H. (1987) Codon replacement in the PGK1 gene of 
Saccaromyces cerevisiaei Experimental approach to 
study the role of biased codon usage in gene 
expression. Mol Cell. Biol. 7:2914-2924.
Horsch, R., Fry, J., Hoffmann, N.L., Wallroth, M., 
Eichholtz, D., Rogers, S.G., Fraley, R.T.
(1985) . A simple and general method for transferring 
genes into plants. Science 227:1229-1231.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
171
Howard, J.B., Glazer, A.B. (1967). Studies of the 
physicochemical and enzymatic properties of papaya 
lysozyme. J. Biol. Chem. 242:5715-5723.
Huffman, G.A., White, F.F., Gordon, H.P., Master,
E.W. (1984). Hairy-root induced plasmid: physical map 
and homology to tumor-inducing plasmids. J. Bacteriol. 
157:269-276.
Hultmark, D., Engstrom, A., Andersson, K. , 
Steiner, H., Bennich, H., Boman, H.G. (1983). 
Insect immunity. Attacins, a family of antibacterial 
proteins from Hyalophora cecropia. EMBO J. 2:571-576.
Hultmark, D., Engstrttm, A., Bennich, H,. Boman, 
H.G. (1982). Insect immunity: Isolation and structure 
of cecropin D and four minor antibacterial components 
from cecropia pupae. Eur. J. Biochem. 127:207-217.
Hultmark, D., Steiner, H., Rasmuson, T. Boman, H.G.
(1980) . Insect immunity. Purification and properties 
of three inducible bactericidal proteins from 
hemolymph of immunized pupae of Hyalophora cecropia. 
Eur. J. Biochem. 106:7-16
Jaynes, J.M., Julian, G.R., Jeffers, G.W., White, 
K.L., Enright, F.M. (1989). In vitro cytocidal 
effect of lytic peptides on several transformed 
mammalian cell lines. Peptide Res. 2:157-160.
Jaynes, J.M., Burton, C.A., Barr, S.B., Jeffers,
G.W., White, K.L., Enright, F.M., Klei, T.R., 
Laine, R.A., Julian, G.R. (1988) . In vitro 
cytocidal effect of novel lytic peptides on Plasmodium 
f a l c i p a r u m  and Trypanosoma cruzi. FASEB J. 
2:2878-2883.
Jaynes, J.M., Magpala, P., Dest6fano-Beltrdn, L., 
Denny, T., Clark, C., Cetiner, S., Kim,
J.(1991) . Expression of a highly sequence divergent 
Cecropin B analog in transgenic tobacco plants confers
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
172
enhanced resistance to Pseudomonas solanacearum. 
Submitted.
Jaynes, J.M., Xanthopouios, K., Destefano Beltran, 
L., Dodds, J. (1987). Increasing bacterial disease 
resistance in plants utilizing antibacterial genes 
from insects. Bioessays 6:263-270.
Jefferson, R. A., Kavanagh, T.A., Bevan, M.W.
(1987) . GUS fusions: B-glucuronidase as a
sensitive and versatile gene fusion marker in higher 
plants. EMBO J. 6:3901-3907.
Johnson, R., Ryan, C.A. (1990). Wound-inducible potato 
inhibitor II genes: enhancement of expression by sucrose. 
Plant Mol Biol 14:527-536.
Jollds, J., Jauregui-Adell, J., Bernier, I., 
Joll&s, P. (1963). La structure chimique du lysozyme 
de blanc d'oeuf de poule: 6tude d§taill6e. Biochim. 
Biophys. Acta 78:668-689.
Joll&s, J., Joll&s, P. (1983). Lysozymes' esterase 
activity. FEBS Lett. 162:120-122.
Joll&s, P., Bernier, I., Berthou, J., Charlemagne,
D. Faure, A., Hermann, J., Jollds, J., Perin, 
P., Saint Blancard, J. (1974). From lysozymes to 
chitinases. In E.F. Osserman, R.E. Canfield, S.E. 
Beychok, eds, Lysozymes. Academic Press, New York, pp 
31-54,
Jollds, P., Jollds, J. (1984). What's new in lysozyme 
research ? A review. Mol. Cell. Biochem. 63:165-189.
Jones, J.D.6., Dunsmuir, P., Bedbrook, J. ( 1985 ) . 
High level expression of introduced chimeric genes in 
regenerated transformed plants. EMBO J. 4:4111-2418.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
173
Jung, A., Sippel, A.S., Grez, M., Schtiltz, G.
(1980)• Exons encode functional and structural units 
of chicken lysozyme. Proc. Natl. Acad. Sci. USA. 
77:5759-5763.
Kaiser, E.T., K6zdy, F.J. (1983). Secondary structures 
of proteins and peptides in amphiphilic environments 
(A review). Proc. Natl. Acad. Sci. USA. 80:1137-1143.
Kaiser, E.T., K6zdy, F.J.(1987). Peptides with 
affinity for membranes. Annu. Rev. Biophys. Chem. 
16:561-581.
Kay, R., Chan, A., Daly, M., McPherson, J. (1987). 
Duplication of CaMV35S promoter sequences creates a 
strong enhancer for plant genes. S c i e n c e  
236:1299-1302.
Keil, M., Sanchez-Serrano, J.J., Willmitzer, L.
(1989) . Both wound-inducible and tuber-specific 
expression are mediated by the promoter of a single 
member of the potato proteinase inhibitor II gene 
family. EMBO J. 8: 1323-1330.
Kini, R.M., Evans, H.J. (1989). A common cytolytic 
region in myotoxins, hemolysins, cardiotoxins and 
antibacterials peptides. Int. J. Peptide Protein Res. 
34:277-286.
Kockun, K., Faye, I., van Hofsten, P., Lee, J.Y., 
Xanthopoulos, K.G., Boman, H.G. (1984). Insect 
immunity. Isolation and sequence of two cDNA clones 
corresponding to acidic and basic attacins from 
Hyalophora cecropia. EMBO J. 3:2071-20-75.
Lamb, C.J., Lawton, M.A., Dron, M., Dixon, R.
(1989) . Signals and transduction mechanisms for 
activation of plant defenses against microbial attack. 
Cell 56:215-224.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
174
Lee, J.Y., Boman, A., Chuaxin, S., Anderson, H., 
JSrnvall, H., Mutt, V., Boman, H.G. (1989). 
Antibacterial peptides from pig intestine: Isolation 
of a mammalian cecropin. Proc. Natl Acad. Sci. USA. 
86:9159-9162.
Lindenmaier, W., Nguyen-Huu, M.C., Lunz, R. , 
Stratmann, M., Blin, N., Wurtz, T ., Hauser, 
H.J., Sippel, A.E., Schiitz, G. (1979). Arrangement 
of coding and intervening sequences of chicken 
lysozyme gene. Proc. Natl. Acad. Sci. USA 
76:6196-6200.
Ltttcke, H.A., Chow, K.C., Mickel, F.S., Moss, 
K.A., Kern, H.F., Scheele, G.A. (1987). Selection 
of AUG initiation codons differs in plants and 
animals. EMBO J. 6:43-48.
Lynn, K.R. (1989) . Four lysozymes from the latex of 
Asclepias syriaca. Phytochemistry 28:1345-1348.
Maniatis, T., Fritsch, E.F., Sambrook, J. (1982) . 
Molecular Cloning: A laboratory Manual. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, N.Y.
Martin, M.N. (1991) . The latex of Hevea brasiliensis 
contains high levels of both chitinases and 
chitinases/lysozymes. Plant Physiol. 95:4 69-47 6.
Martin, M.N., Gaynor, J.J. (1988) . Expression of 
chitinase in latex-containing plants (abstract No. 
354). Plant Physiol. 86:S59.
Mattews,B.W., Remington, S.J. (1974). The three 
dimensional structure of the lysozyme from 
bacteriophage T4 . Proc. Natl. Acad. Sci. USA. 
71:4178-4182.
Mauch, F., Hadwiger, L.A., Boiler, T. (1988). 
Antifungal hydrolases in pea tissue: I. Purification 
and characterization of two chitinases and two
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
175
B-l,3-glucanases differentially regulated during 
development and in response to fungal infection. Plant 
Physiol. 87:325-333.
Merrifield, R.B., Virioli, L.D., Boman, H.G.
(1982). Synthesis of the antibacterial peptide 
cecropin A (1-33). Biochemistry 21:5020-5030.
Miller, J.H. (1972). Experiments in Molecular Genetics. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y.
Murray, E.E., Lotzer, J., Eberle, M. (1989) . Codon 
usage in plant genes. Nucleic Acids Res. 17:477-4 98.
Naranga, S.A., Dubuc, G., Yao, F.L., Minchniewicz,
J. J. (1986) . "In vitro" method of assembling a 
synthetic gene. Biochem. Biophys. Res Comm. 134:407- 
411.
Oberto, J., Davison, J.(1985) . Expression of chicken 
egg white lysozyme by Sacharomyces cerevisiae. Gene 
40:57-65.
Okada, M, Natori, S. (1985). Primary structure of 
sarcotoxin I, an antibacterial protein induced in 
hemolymph of Sarcophaga peregrina (flesh fly) larvae. 
J. Biol. Chem. 260:7174-7177.
Okada, M, Natori, S. (1985). Ionophore activity of 
sarcotoxin I, a bactericidal protein of Sarcophaga 
peregrina. Biochem J. 229:453-458.
Oliver, C.N., Stadtman, E.R. (1983). A proteolytic 
artifact associated with the lysis of bacteria by egg 
white lysozyne. Proc. Natl Acad. Sci. USA. 
80:2156-2160.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
176
Osserman, E.F., Canfield, R.E., Beychok, S. (1974). 
Lysozyme. Acad. Press, New York and London.
Palmiter, R.D., Gagnon, J., Ericsson, L.H., Walsh, 
K.A. (1977) . Precursor of egg-white lysozyme. Amino 
acid sequence of an NH2-terminal extension. J. Biol. 
Chem. 252:6386-6393.
Perlak, F.J., Fuchs, R.L., Dean, D.A., McPherson, 
S.L., Fischhoff, D.A. (1991). Modification of the 
coding sequence enhances plant expression of insect 
control protein genes. Proc. Natl. Acad. Sci. USA. 
88:3324-3328.
Phillips, D.C. (1966). The three dimensional structure 
of an enzyme molecule. Sci Am 215:78-90.
Piszkiewicz, D., Brince, T.C. (1968). The 
identification of histidine-15 as part of an esteratic 
site of hen's egg white lysozyme. B i o c h e m i s t r y  
7:3037-3047.
Ploug, M., Jensen, A.L., Barkholt, V. (1989) . 
Determination of amino acid compositions and NH2- 
terminal sequences of peptides electroblotted onto 
PVDF-membranes from Tricine-Sodium Dodecyl 
S u l fate-Polyacrylamide Gel Electrophoresis: 
Application to peptide mapping of human complement 
component C3. Anal. Biochem. 181:33-39.
Powning, R.F., Davidson, W.J. (1976). Studies of 
insect bacteriolytic enzymes-II. Some physical and 
enzymatic properties of lysozyme from haemolynph of 
Galleria mellonella. Comp. Biochem. Physiol. B 
55:221-228.
Provencher, S.W. (1984). EMBL technical report. DA01.
Qu, X., Steiner, H., Engstr&m, A., Bennich, H. 
Boman, H.G. (1982). Insect immunity: isolation and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
177
structure of cecropins B and D from pupae of the 
Chinese oak silk moth Antheraea pernyi. Eur. J. 
Biochem. 127:219-224
Rogers, S.6., Klee, H.J., Horsch, R.B., Fraley, 
R.T. (1987). Improved vectors for plant 
transformation: expression cassette vectors and new 
selectable markers. Methods in Enzymolgy 153:253-277.
Rothstein, S.J., Lazarus, C.M., Smith, W.E., 
Baulcombe, D.C., Gatenby, A.A. (1984). Secretion 
of a wheat alfa-amylase expressed in yeast. Nature 
308:662-665.
Sarin, V.K., Kent, S.B.B., Tam, J.P., Merrifield, 
R.B. (1981).Quantitative monitoring of solid-phase 
peptide synthesis by the nynhydrin reaction.Anal. 
Biochem. 117:145-157.
Sawyer, R.L.(1984) . Potatoes for the developing world. 
International Potato Center, Lima, Peru.
Schhgger, H., von Jagow, G. (1987). Tricine-Sodium 
Dodecyl Sulfate-polyacrylamide gel electrophoresis for 
the separation of proteins in the range from 1 to 100 
kDa. Anal. Biochem. 166:368-379.
Segrest, J.P., De Loof, H., Dohlman, J.G., 
Brouillette, C.G., Anantharamaiah. (1990).
Amphipatic helix motif: classes and properties.
Proteins 8:103-117.
Selsted, M., Brown, D.M., DeLange, R.J., Harwig, 
S.S.L., Lehrer, R.I. (1985). Primary structures of 
six antimicrobial peptides of rabbit peritoneal 
neutrophils. J. Biol. Chem. 260:457 9-4584
Sinkar, V.P., White, F.F., Furner, I.J., 
Abrahamsen, M., Pythoud, F., Gordon, M.P.
(1988). Reversion of aberrant plants transformed with 
Agrobacterium rhizogenes is associated with the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
178
transcriptional inactivation of the Tl—DNA genes. 
Plant Phys. 86:584-590.
Sippel, A.E., Land, H., Lindenmaier, W., 
Nguyen-Huu, M.C., Hurts, T . , Timmis, K.N., 
Giesecke, K, K., Schiiltz, G. (1978). Cloning of 
chicken lysozyme structural gene sequences synthesized 
in vitro. Nucl. Acids Res. 5:3275-3294.
Smith-Gill, S., Wilson, A.C., Potter, M., Prager,
E.M., Feldmann, R.J., Mainhart, C.R. ( 1 982 ) .
Mapping the antigenic epitope for a monoclonal 
antibody against lysozyme. J. Immunol. 128:314-321.
Spies, A.G., Karlinsey, J.E., Spence, K.D. (1986). 
Antibacterial hemolymph proteins of Manduca sexta. 
Comp Biochem. Physiol. B. 83:125-133.
Steiner, H. (1982). Secondary structure of the 
cecropins: Antibacterial peptides from the moth
Hyalophora cecropia. FEBS Lett. 137:283-287.
Steiner, H., Hultmark, D., Engstr&m, A., Bennich,
H., Boman, H.G. (1981). Sequence and specificity of 
two antibacterial proteins involved in insect 
immunity. Nature 292:24 6-248.
Tanaka, S., Oshima, O., Ohsue, K., Ono, T., 
Oikawa, S., Takano, I., Noguchi, T., Kangawa, 
K., Minamino, N., Matsuo, H. (1982). Expression in 
Escherichia coli of chemically synthesized gene for a 
novel opiate peptide alpha-neo-endorphin. Nucleic 
Acid Res. 10, 1741-1754.
Teshima, T., Ueki, Y., Nakai, T., Shiba, T., 
Kikuchi, M. (1986). Structure determination of 
lepidopteran, self-defense substance produced by 
silkworm. Tetrahedron 42:82 9-834.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
179
Vaeck, M., Reynaerts, A., H6fte, H., Jansens, S., 
De Beuckeleer, M., Dean, C., Zabeau, M., Van 
Montagu, M., Leemans, J. (1987). Transgenic plants 
protected from insect attack. Nature 328:33-37.
van Hofsten, P., Faye, I., Kockum, K., Lee, J.Y., 
Xanthopoulos, K.6., Boman, I.A., Boman, H.G., 
Engstr&m, A., Andreu, D., Merrifield, R.B.
(1985) . Molecular cloning, cDNA sequencing, and 
chemical synthesis of cecropin B from Hyalophora 
cecropia. Proc. Natl Acad. Sci. USA. 82:2240-2243.
Vancanney, G., Rosahl, S., Willmitzer, L. (1990). 
Translatability of a plant-mRNA strongly influences 
its accumulation in transgenic plants. Nucleic Acids 
Res. 18:2917-2921.
Wade, D ., Boman, A., W&hlin, B., Drain, C.M., 
Andreu, D., Boman, H., Merrifield, R.B. (19 90) .
All—D amino acid-containing channel-forming antibiotic 
peptides. Proc. Natl. Acad. Sci. USA, 87:4761-4765.
Walden, R. (1989). Genetic Transformation in Plants. 
Prentice Hall, New Jersey.
Wilson,A.C., Carlson, S.S., White, T.J. (1977). 
Biochemical Evolution. Ann. Rev. Biochem. 46:573-639.
Yang, M.S., Espinoza, N.O., Nagpala, P.G., Dodds, 
J.H., White, F.F., Schnorr, K.L., Jaynes, J.M.
(1989). Expression of a synthetic gene for improved 
protein quality in transformed potato plants. Plant 
Sci. 64:99-111.
Zasloff, M. (1987). Magainins, a class of antimicrobial 
peptides from X e n o p u s  skin: isolation,
characterization of two active forms, and partial cDNA 
sequence of a precursor. Proc. Natl Acad. Sci. USA 
84:5449-5443.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
V I T A
Born in Huancayo, Peru on August 29, 1956.
Graduated from Universidad Nacional Mayor de San Marcos in 
1980 with a B.Sc. in Biological Sciences (Genetics).
Worked as a Research Associate in the Peruvian Institute of 
Nuclear Energy from Jan. 1980 to April 1982.
As of July, 1991, he is a Ph.D. candidate in the 
Department of Biochemistry at Louisiana State Univresity.
180
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DOCTORAL EXAMINATION AND DISSERTATION REPORT
Candidate: L u is  J u l i o  C esar D estefano  B e ltra n
Major Field: B iochem istry  (G e n e tic s )
Title of Dissertation: The In tro d u c tio n  in to  Tobacco p la n ts  of genes which encode some 
o f  th e  components o f  th e  hum oral immune resp o n se  o f  H yalophora 
c e c ro p ia
Approved:
' Major Professor and Chairman 
Dean of the Graduate School
EXAMINING COMMITTEE: 
C>V U A
/ \^sfwihfosk>
Date of Examination: J u ly  12, 1991
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
